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~ABSTRACT

A three degree 1--of freedom submarine drydock blocking
system computer aided design package. developed.
Differential equations of motion are developed to take into
account high blocking systems, wale shores, and side block cap
angles. The computer program is verified by a case study
involving the earthquake sliding failure of the 11SZeav (CG-
16). A parametric study is conducted to determine the effects
of wale shores, isolators, and block stiffness and geometry
variations on system survivability. The effects of using
earthquake acceleration time histories with differing
frequency spectrums on system survivability is studied.

None of eleven submarine drydock blocking systems studied
survive to dry dock failure (0.26 g's) or even meet the Navy's
current 0.2 g survival requirement. This shows that current
---t.S, Navy submarine drydock blocking systems are inadequate to
survive expected earthquakes. Two design solutions are found
that meet the dry dock failure requirements. The low
stiffness solution uses dynamic isolators and rubber caps, and
the high stiffness solution uses wale shores and rubber caps.
The wale shore solution virtually prevents the submarine from
moving horizontally relative to the dock floor. The isolator
solution allows relatively large horizontal displacements to
occur. Using the wale shore solution, the submarine
experiences forces which are an order of magnitude higher than
those seen by the Isolator solution.

Both 6----edeswgn solutions can be constructed; however,
there are cost and production interference concerns.
Considering the almost certain occurrence of a major
earthquake in the proximity of a U.S. Naval shipyard where
submarines can be drydocked within the next 20 years, the
expeditious Incorporation of one of these design solutions
into U.S. Navy drydocking standards Is strongly recommended.

THESIS SUPERVISOR: Dale G. Karr. Ph.D.

TITLE: Associate Professor of Ocean Engineering
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CHAPTER 1

INTRODUCTION

1.0 D grCptjon of to ubaxneDrdo

U.S. Naval shipyards where submarines are drydocked are

located in regions of the United States where significant

earthquakes are known to occur. These earthquakes produce

tremendous forces and ground displacements which seriously

threaten the safety of drydocked submarines. They usually

occur without any warning, and there is presently no reliable

means of predicting their occurrence. Therefore, submarine

drydock blocking systems must be designed to resist expected

earthquake excitation.

Hepburn [13 described in detail both the nature of the

seismic threat to submarines drydocked in U.S. Naval

shipyards, and the drydock blocking systems currently in use

there. Graving docks at these shipyards are currently

designed to withstand earthquake accelerations up to 0.26 g's.

Previous research by Sigman [23 and Karr [33 using linear

elastic material three degree of freedom models showed that

submarine drydock blocking systems would fall due to side

block liftoff at accelerations significantly lower than the

0.2 g level required by current Navy drydocking standards 143.

13
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Hepburn's Ell thesis confirmed these results using a

bilinear material model for wood wiTich more closely represents

its actual behavior. Using this bilinear wood model, it was

determined that the submarine drydock blocking systems would

fall by side block liftoff at even lower accelerations.

Clearly current U.S. Navy submarine drydock blocking systems

are inadequate to meet the earthquake threat.

1.1 Summary of_ aiina 1atria Results

Natural rubber and dynamic Isolators were analyzed by

Hepburn Ell using billnear models to determine their potential

for increasing system survivability. The rubber was used as a

substitute for the Douglas fir soft cap, and the dynamic

Isolators were used as a substitute for the oak (hard wood)S

layer of the blocking systems. It was determined that

significant Increases In survivability occur when rubber and

dynamic isolators are incorporated in the blocking systems.

Rubber caps and isolators either singly or in combination are

very attractive potential solutions to the submarine drydock

blocking systems' survivability problem.

This thesis uses the three degree of freedom analysis

model previously developed by Sigman [23 and Karr 133 with the

bilinear material models developed by Hepburn 13 to design

earthquake resistant submarine drydock blocking systems. The

14



use of natural rubber, dynamic isolators, wale shores,

blocking system stiffness, and geometry variations is studied.

1.2 Thesis Outline

Chapter 2 describes Improvements made to the three degree

of freedom computer program (3DOFRUB) developed jointly by

Luchs and Hepburn. The development of a computer aided design

package using this program as the core is described.

Significant modifications Include the use of horizontal and

vertical accelerations input and force and displacement output

files, and development of miscellaneous support programs.

Chapter 3 describes the changes made in the equations of

motion to Include the effects of cap angle and side block

height. This chapter also describes the effect of adding wale

shores to the blocking system. In addition, the side block

wedge effect on the sliding failure mode Is developed.

The earthquake effects on the USS Leahy (CG-16) drydock

blocking system at Long Beach Naval Shipyard Is described in a

case study in chapter 4. The results of this study are used

as a verification of the three degree of freedom drydock

blocking system model and computer program. In chapter 5, a

parametric study on the effect of wale shores. dynamic

isolators, and stiffness and block geometry variations Is

conducted.

15



The site specific earthquake effects on drydock blocking

system designs is analyzed in chapter 6. A low stiffness

dynamic isolator based drydocX blocking design is developed in

chapter 7. Similarly, in chapter 8 a high stiffness wale

shore based drydocK blocking design Is developed. Finally, a

comparison of results, conclusions, and recommendations for

further study is included In chapter 9.

16



CHAPTER 2

DEVELOPMENT OF THE THREE DEGREE OF FREEDOM EARTHQUAKE
RESISTANT DRYDOCK BLOCKING DESIGN PACKAGE

2.0 Three Degree of Freedom Computer Program Background

The computer program used to analyze the submarine

drydock blocking systems in this thesis was developed jointly

with Hepburn [I] and Is based on the program developed by

Sigman 12J. Many significant modifications are made to

Sigman's program and several support programs are written to

improve the usefulness of this program as a design tool. The

two subroutines developed to model bilinear material

properties, "BILINALL" and "RUBBER", are described In detail

by Hepburn Ell.

The significant modifications made In this thesis include

the addition of horizontal and vertical acceleration inputs,

force and displacement outputs, and changes to the equations

of motion to include more complex geometry. The geometry

changes took into account the effects of side block height,

cap angle, and the Inclusion of wale shores. In addltlon, the

side block wedge effect on the sliding failure mode is

included in the program.

17



The main program, 03DOFRUB", inputs submarine drydock

blocking system parameters then calculates the system's modal

masses, stiffnesses, damping coefficients, and natural

frequencies. The horizontal acceleration time history (and

vertical If applicable) are Input using the "ACCLINPT"

subroutine. The main loop of the program solves the equations

of motion using the Fourth Order Runga-Kutta numerical method.

The blocking material stiffnesses are recalculated each time

step using the appropriate subroutines. At each time step,

keel and side block forces are calculated, and the system Is

tested for failure.

The program begins by using 100 percent of the amplitude

of the input acceleration time history. It carries out

repeated loops through the whole history each time decreasing

the Input acceleration. This continues until the system

survives a complete loop through the time history. Force and

displacement data files as chosen by the user are created

using subroutine "RESPALL" for use In plotting system

response. The main program, "3DOFRUB", and all four

subroutine listings are Included In Appendix 1. A sample

input data file and output file are also Included in this

appendix.

18



2.1 Horizontal and Vertical Acceleration Inout

Sigman's program only allowed the input of horizontal

earthquake acceleration time histories. Vertical

accelerations are Input to the program by multiplying the

horizontal accelerations by a selected constant. The

resulting vertical acceleration Is, therefore, Identical In

wave form with the horizontal acceleration which Is not always

the case for actual earthquakes. A better way of handling

vertical accelerations is to use actual vertical acceleration

time histories. The "ACCLINPT" subroutine allows both

horizontal and vertical acceleration time histories to be read

independent ly.

The "ACCLINPT" subroutine asks the user for the

horizontal acceleration file name and then reads the data Into

an array. The user is then asked If a vertical acceleration

file will be used. If the user chooses to use one, Its data

is read into a different array. If the user declines to use a

vertical acceleration file, the user Is asked to provide the

vertical to horizontal acceleration ratio. Each horizontal

acceleration data point is then multiplied by this ratio to

create a vertical acceleration data array.

The subroutinP then checks to make sure that If

horizontal and vertical acceleration inputs are used, both the

Inputs are from the same earthquake with the same time step.

19



Finally, "ACCLINPT" provides the main program, "3DOFRUB". with

the earthquake name, the horizontal and vertical earthquake

component names, and the acceleration time step used.

2.2 Force and DisDlacement Output

In order to display the response of the three degree of

freedom system. it is essential to create force and

displacement output data files. Slgman's C23 computer program

Included a computer operating system dependent plotting

routine. In order to develop a useful and easily portable

software package, force and displacement response data is

output In ASCII files. This allows the user the option of

using a wide variety of plotting programs to display the

response data.. The main program can then be run on any

system, including personal computers, that has a FORTRAN

compiler.

The main program, "3DOFRUB", asks the user If response

and displacement output files are desired. If these files are

desired, the user can chose which of five force components

should be output. These force components are (1) keel

horizontal force, (2) side block horizontal force, (3) left

side block vertical force, (4) right side block vertical

force, and (5) keel block vertical force.

20



The main program calculates the appropriate force and

displacements. The program selects the correct displacements

corresponding to the chosen force then captures them in

arrays. For example. if left side block vertical force Is

selected, the displacement, YPRIME, is captured. YPRIME

includes the vertical displacement of the keel, rotation about

the keel times the lever arm to the left side block, and the

static deflection of the side block due to submarine weight.

"RESPALL" is the subroutine which creates force and

displacement output files. This subroutine asks the user for

x displacement# y displacement, rotation* and force output

file names. It then writes the force and displacement arrays

captured by the main program to these files. The program only

creates output data files for an earthquake magnitude that the

system survives (where no failures occur). These output files

are formatted such that they are directly usable by LOTUS 123

and other graphics programs.

2.3 Development of Miscellaneous Sppo t Programs

Several support programs are developed to produce

acceleration time history data files usable by "3DOFRUB". The

first program, "V2READS", based on a program provided by Lew

1988 C53, creates three separate single column format

acceleration data files. The input for this FORTRAN program

is the standard format magnetic media data file containing

21



three complete earthquake records each provided by the

National Geophysical Data Center, Boulder, Colorado C63.

The second program, "ACCELMOD", modifies an acceleration

data file In single column format by adding a new data point

found by linear interpolation between each original data

point. This is necessary in some cases (e.g. the I October

1987 Whittier, California earthquake) to improve the accuracy

of the numerical computational scheme. The Whittier

earthquake was recorded with a 0.02 second time step. The

"3DOFRUB" program produces the best results If the time step

is 0.01 seconds or less.

The third computer program, "DATINNEW", written in BASIC

inputs acceleration data from ASCII data files in either

single or multiple column format and modifies it in several

ways. First, if desired the program adds character string

labels to the first three lines of the output data file.

These labels are the name of the earthquake, the acceleration

component name, and the acceleration time step. These labels

are required in order for the output file to be used directly

by "3DOFRUB".

"DATINNEW" allows the user to produce an output data file

of any length up to the maximum number of entries in the input

data file. The program also allows the user to multiply each

data point by a desired constant to produce earthquake time
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histories of varying magnitudes. The program gives the user

the option of having the output data file be In units of

inches per second squared or centimeters per second squared.

"3DOFRUB" requires centimeters per second squared data input.

"DATINNEW" removes gaps in data files produced by programs

such as LOTUS 123. The output of the program is an ASCII data

file in single column format.

Another BASIC program, "MAKERUB", is developed to create

submarine and blocking system data input files for "3DOFRUB".

This program is written based on a BASIC program written by

Paz (1986) [7). This computer program allows the user to

prepare new data files or modify existing data files. The

program is labeled In detail and identifies all submarine and

blocking system data input file entries including their units

as used by "3DOFRUB". The program is versatile in that data

files can be moved, recalled, and modified quickly and easily.

"MAKERUB" prompts the user for each data entry by

description, units, and variable name. The program then

creates data files in the exact format required by "3DOFRUB"

without the user having to adjust anything. One important

feature of this program is that it labels the data files with

identifying information so when the data files are displayed

the user can see all pertinent Information as text. The four

programs described in this section are included in Appendix

(2).
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CHAPTER 3

GEOMETRICAL IMPROVEMENTS TO THE THREE DEGREE OF FREEDOM MODEL
AND COMPUTER PROGRAM

3.0 Geometrical Inprvments to the Three aree of Freedo%
Equations of Motion

The three degree of freedom model of the submarine

drydock blocking system at rest as developed by Sigman (1986)

C23 and used by Hepburn [I] is the system used as a baseline

for this thesis. Figure (3.1) is a two dimensional

representation of the submarine and dry dock with the keel and

side block piers modeled as horizontal and vertical springs

and dashpots.

This figure differs from Sigman's model In several

respects. First, wale shores, modeled as horizontal springs

and dashpots, at a distance AAA from the keel are added.

Second, the height of the side blocks above the keel baseline

and the resulting angle alpha between the baseline and a line

through the keel and side block point of contact is shown and

taken into account in the equations of motion.

The point CGl Is the initial location of the center of

gravity of the submarine. The point K is the initial location

of the keel of the submarine. The point KI, insert figure

(3.2). is the location of the keel after horizontal and

vertical translation has occurred. Rotation occurs about this

point. KG is the distance from the keel to the center of
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gravity. The distance br Is the transverse distance between

the center of the caps of the port and starboard side blocks.

The horizontal, vertical, and wale shore spring constants are

as designated In the figure.

The system is excited by horizontal and vertical dry dock

accelerations x, and yg respectively. The entire dry dock and

submarine system moves relative to a fixed reference frame.

The excited system Is shown in figure (3.2). The system of

equations are expressed in terms of motion of the submarine

relative to the dry dock.

The point CG2 in figure (3.2) is the location of the

center of gravity of the submarine relative to the fixed

reference frame after horizontal displacement u and vertical

displacement v. The point CG3 is the location of the

submarine's center of gravity after the additional absolute

rotation theta. The insert at the bottom of figure (3.2) is a

close up of the keel area of the submarine during this motion.

The displacements illustrated are describeA as follows:

The relative horizontal displacement coordinate x is the

displacement of the submarine keel with respect to the dry

dock. The displacement u is the position of the keel relative

to the fixed reference frame. With ground motion x, the

following equations hold:
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X =U - Xg

U = X + X(

Similarly for vertical translation the following

equatlons hold:

y = v- ya

V y + YO

V + y, (3.2)

The coupled non-linear three degree of freedom equations

describing the system motion as developed by Sigman are as

follows:

Mx + MG Cx C,,4 + (2khs~Jchk)X = -M-Q (3.3)

my + C,. + (2kvs+kVk)y = -MyQ (3.4)

J + MICCX - ?fi-Zhye + C4+ C._X + E(br-/2)kvs

-WKGJO = -MKGx (3.5)
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In equations 3.3 through 3.5, M is the mass of the

submarine, Ik is the rotational moment of the submarine about

the keel, and W is the weight of the submarine.

Sigman's analysis assumed that the height of the keel

blocks was the same as the height of the side blocks.

Therefore, the lever arm from the keel to the side block hull

point of contact Is br/2. Taking the actual height of the

side block into account gives the following expression for

this lever arm:

LLL = ((htside-htkeel)
a + (br/2)0)1'1 (3.6)

The angle alpha 1s then:

= SIN-'((htside-htkeel)/LLL) (3.7)

Figure (3.3) is an illustration of the additional

vertical and horizontal displacements of the side block cap

due to rotation theta (9) of the submarine about the keel.

The insert at the bottom of figure (3.3) is a close-up of the

side block cap geometry during submarine rotation. Assuming

small angle rotation, the displacement of the cap due to

rotation is LO. The vertical component of LO is R. The

horizontal component is Z. L in the figure is the same as LLL

in equation (3.6).
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The expression for R is developed as follows:

R - Le*SIN(J ) (3.8)

SIN( 0 ) = (BU + R)/L (3.9a)

For small angles of rotation:

SIN( ) = (BU)/L (3.9b)

BU = htside-htkeel (3.10)

From figure (3.3):

+ +  180 (3.11)

= 90- (3.12)

Combining with equation (3.9b) gives:

f = 90 - SIN-' (BU/L) (3.13)

Using a trigonometric identity gives:

SIN( j ) = COS(SIN-(BU/L)) (3.14)

Substituting in equation (3.7) gives:

SIN( (= cos( ) (3.15)

Therefore:

R = Le*COS(( ) (3.16)

In the case where BU = 0 (side block height = keel block

height) as was the case in Slgman's analysis equation (3.16)

reduces to:

R = Le (3.17)

In this case L = br/2 and therefore:

R = (br/2)*G (3.18)
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Similarly:

Z = Le*COS(J ) (3.19)

Z = L**SIN(cK ) (3.20)

In the case where BU = 0 and L = br/2:

Z = L*SIN(D) = 0 (3.21)

R and Z are used in calculating the horizontal and

vertical forces on the side blocks. Without these geometric

relationships, the horizontal force exerted on the side blocks

of submarines due to rotation is not taken into account. Not

including this force Is a significant underestimate of the

true horizontal forces seen by the side blocks. Including

this effect represents an Important improvement to Sigman's

model.

With these equations incorporated Into the "3DOFRUB"

computer program, the model is now general enough to take into

account the high buildups of surface ships. Even though for

submarines, including the geometric side block effects only

changes the survivability of the systems by approximately one

percent, for ships with higher buildups these effects will be

larger.
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The total blocking system forces are calculated as

follows:

Keel block horizontal force:

RR1 = khkb*x (3.22)

Right and left side block horizontal force:

RR2 = khsb*XPRIME (3.23)

XPRIME = x + Z (3.24)

Left side block vertical force:

RR3 = kvsbl * YPRIME1 (3.25)

YPRIMEI = -y - R + DELTA (3.26)

Right side block vertical force:

RR4 = kvsb2 * YPRIME2 (3.27)

YPRIME2 = -y + R + DELTA (3.28)

Keel block vertical force:

RR5 = kvkb*YPRIME3 (3.29)

YPRIME3 = -y + DELTA (3.30)

Right and left wale shore horizontal force:

RR6 = ks*(x + AAA*e) (3.31)
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The total blocking system moments about the keel are

calculated as followsI

Right and left side block horizontal moment:

MM1 - RR2*LLL*SIN(qmA. ) (3.32)

Left side block vertical moment:

MM2 = RR3*LLL*COS( 4. ) (3.33)

Right side block vertical moment:

MM3 = RR4*LLL*COS(-4. ) (3.34)

Right and left wale shore horizontal moment:

MM4 = RR6*AAA (3.35)

DELTA is the static deflection of the side and keel

blocks due to the submarine's weight. The value of DELTA is

calculated In each loop of "3DOFRUB" and depends on the values

of the current side block and keel block vertical stiffnesses.

All blocking stiffness (e.g. khkb) are those found from

appropriate "BILINALL" or "RUBBER" subroutines. If a linear

material analysis Is selected by the program user, linear

material stiffness values are used.

To derive the modified submarine drydock blocking system

equations of motion the following procedure is used. First

the forces In horizontal direction are summed and equated with

the mass times acceleration In that direction. Next, the

forces in the vertical direction are summed and equated with
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the mass times acceleration in that direction. Finally, the

moments are summed about the keel and equated with the

rotational Inertia times rotational acceleration, After

combining terms and simplifying, the modified equations of

motion which include vale shore and side block geometric

effects are as follows%

M*+ MR9 C,.c + C.i + (2ks+2khS4Xhk)x

+ (2ks*AAA + 2khs*LLL*SIN(oK ))S = -x 0  (3.36)

Mly + C~y + (2kvs+kvk)y -my (3.37)

I&+ M-;- *gG~ c.;e + *

+ (2ks*AAA + 2khs*LLL*S]N(O< ))x

+ t2ks*AAAI" t Zkhs*CLLL*SIN(cx ))0~

+ (2*kvs)*(LLL*COS(4zw ))m - WG39 -MHKG,, (3.38)

The three degree of freedom equations (3.36 - 3.38) are

now stiffness as well as Inertially coupled. In matrix form,

there are now two new elements In the stiffness matrix (K,, -

Ks,), where K,, (2ks*AAA + 2khs*LLL*SIN( %< )). The first

term, 2ks*AAA, is due to wale shores; and the second term,

2lhs*LLL*SINC %c )is due to the effect of system rotation on

the side blocks. The stiffness matrix elements K11 and K.,

are also modified to Include these effects.
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3.1 Vffect _of _jSide_ Bloc.kCa_ AnTle on System Slidino_ Failure

All failure modes incorporated in the "3DOFRUB" computer

program are the same as those used by Sigman 123 except the

slide block sliding failure mode. A more general approach is

used to model the side block sliding forces. This allows this

program to be used for surface ship block geometries as well

as submarines. One additional data Input required by the

program is the side block cap angle. An average value of side

block cap angles, obtained from the submarine docking

drawings, is used In this thesis. It is possible to model the

failure of the different side blocks along the length of the

submarine or ship by running the program separately for each

side block right and left set.

Figure (3.4) shows the geometry used in the modeling of

the side block cap. The side block cap is modeled as a wedge

using a system illustrated in Marks Handbook 183. Sigman in

his analysis did not include the outward force on the side

block caused by the vertical forces.
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This outward force Is caused by the relative rigidity of

the ship compared to the side blocks. When a vertical force

occurs, it tends to push the block outboard rather than move

the ship Inboard. The equations describing the forces

associated with the side blocks due to this wedge effect and

other frictional forces are as follows:

Outboard horizontal forces:

hfl - RR2 (3.39)

hf2 = RR3*COS( 3 )*SIN( ) (3.40)

Resisting horizontal forces:

hf3 = u2*RR3*COS( A )*SIN(3 ) (3.41)

hf4 = ul*RR3 (3.42)

In the figure rfl Is equal to RR3. RR2 and RR3 are

defined in equations 3.23 and 3.25 respectively.

Where:

13= the side block cap angle.

ul = is the block on block friction coefficient.

u2 = is the hull on block friction coefficient.

If rfl and hfl are acting in the direction shown in figure

(3.4), "3DOFRUB" flags side block sliding failure if hfl + hf2

is greater than hf3 + hf4.
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3.2 Determination gf Blocking System Vertical Static
Deflection

Due to the changing stiffness of the side and keel blocks

during the earthquake because of their non-linear material

properties, the static deflection, DELTA, caused by the

submarine weight changes throughout the duration of the

earthquake. The accurate calculation of DELTA is essential so

that "3DOFRUB" correctly handles permanent set and bilinear

material properties. For some cases It is possible for the

keel or side blocks to start In the second (plastic) stiffnaess

of the bilinear stiffness model if the submarine weight is

great enough.

One assumption is made to simplify the calculation of

DELTA. It Is assumed that the side block caps would never be

elastic when the keel block caps are plastic. The equations

for calculating DELTA are as follows:

Elastic case:

DELTA = weight/(2kvs+kvk) (3.43)

Plastic case:

DELTA - YEL3 + (weight

-(YEL3*(2kvs+kvk)))/(2kvSp+kvkp) (3.44)

Where:

YEL3 = QD4/(kvk-kvkp) (3.45)
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QD4 is the keel restoring force, RR5, Intercept of the

second bilinear stiffness slope. The entire billnear material

model is described by Hepburn 13 in detail.

"3DOFRUB" includes DELTA initialization and recalculation

sections. In the initialization section the program first

determines whether or not the static deflection has caused the

cap material to go plastic or remain elastic. If the material

is elastic, then equation (3.43) is utilized to compute DELTA.

If the material is plastic, the program uses equation (3.44)

to calculate DELTA. If kvk equals kvkp then YEL3 is equal to

zero. Then the DELTA equation reduces to the following:

DELTA = weight/(2kvsp~kvk) (3.46)

This case occurs when the keel blocks are linear elastic

and the side blocks are bilinear rubber. In addition, if

either the keel or side blocks are bilinear wood then the

elastic case holds initially. For recalculation the same

equations are used with the updated stiffness values from the

appropriate stiffness subroutines.
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CHAPTER 4

SS L6AHY (CG-16) CASE STUDY

4.0 Backaround

On 1 October 1987, while in graving dock #3 at Long Beach

Naval Shipyard (LBNSY), Long Beach, California, the lISSLeahy

(CG-1) experienced an earthquake. The 5.9 magnitude (0.45 g

maximum peak acceleration) earthquake had an epicenter located

20 miles to the northeast in Whittier, California 193. The

ship experienced side block sliding and photographs of the

drydock blocking system showing the block displacements were

taken immediately after the earthquake. In addition, dry

docks at LBNSY had been instrumented by accelerographs which

recorded the dry dock accelerations (0.05 g peak) seen by the

Leahy during the earthquake. Because of the recorded

displacement and acceleration time histories, the (155 Leahv

was an outstanding case to analyze in order to verify the

three degree of freedom model and the "3DOFRUB" computer

program.

The October 1st earthquake occurred while this thesis was

being researched. Within hours after the earthquake occurred

in California, the LBNSY Drydocking Office was contacted and a

request for photographs of the blocking system was made. The

Docking Officer, Mr. Robert Dixson, reported at that time that

the Leahy'S blocks had shifted outboard during the earthquake,
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and four of the side blocks had remained away from the ship

after the earthquake was over. Providentially, the ship had

recently been sandblasted and painted, and when the earthquake

occurred the portions of the hull exposed due to slide block

sliding were very evident. Therefore, the exact displacements

of several of the side blocks following the earthquake was

recorded in the photographs taken on October 1st.

Figure (4.1) is a photograph of the # 14 (second most

forward) starboard side block. This photograph clearly shows

the outboard displacement of the block. It was reported that

several of the steel brackets (dogs) holding the block layers

together popped out during the earthquake. These brackets

were reattached before the photograph was taken.

LBNSY was visited in late October and the Leahy's

blocking system was examined. The ship was still in dry dock

and the area around the displaced blocks had not been

repainted. Therefore, the displacements during the earthquake

were still evident. These displacements were measured and

recorded. There was no evidence of side block or keel block

crushing or keel block sliding. There was slight evidence of

side block liftoff. This liftoff apparently slightly skewed

some of the side blocks so the inboard face of the side blocks

was no longer parallel to the keel line. In addition, the new

paint that had been applied 3ust before the earthquake was

broken between the hull and block interface.
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Figure (4.2) shows the keel block system of the SS Leahv

looking forward. Again, there was no evidence of sliding or

crushing along the keel line. This figure also shows the high

blocking heights used by surface ships. Submarine blocking

systems are usually much shorter. For a submarine, the bottom

layer of blocks would not be present.

Figure (4.3) is a photograph of the Leav Is starboard

forward side blocks. These two blocks were pushed away from

the Zehvyentirely and stayed away after the earthquake was

over. This was also true for the same two blocks on the port

side. The docking crew at LBNSY pushed these blocks back into

position as much as possible, however, gaps can still be seen

between the hull and the top of the side block cap. There

were no such gaps before the earthquake. This photograph is

also an excellent illustration of side block build up angle

alpha (, ) and side block cap angle beta (1). In figure

(4.4), a close-up of one of the aftermost starboard side block

caps is shown. This photograph is another illustration of the

side block sliding which occurred.

The dry docks at LBNSY are some of the only dry docks in

the world instrumented with accelerographic equipment. These

instruments were installed by the Naval Facilities Engineering

Command and monitored by the Naval Civil Engineering

Laboratory, Port Hueneme, California.
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When the 1 October 1987 earthquake occurred, all of the

acceleration recorders (accelerographs) were triggered In the

dry docks at LBNSY. The acceleration time histories were

recorded on film in these instruments.

The cloiest accelerograph to the U'SS Lahy during thiA

earthquake was located In dry dock 02 which is approximately

500 feet to the east of where the ship was drydocked. Dry

dock * 2 is virtually identical In size and construction to

dry dock * 3 where the Zeavhwas located. Figure (4.5) is a

layout of LBNSY [103 waterfront and the location of the

accelerograph and the Leaby are indicated. Figure (4.6) Is a

cross-section of dry dock # 3.

The accelerograph in dry dock # 2 was a SMA-l Strong

Motion Accelerograph. This instrument Is a battery operated

earthquake recorder designed to measure ground acceleration

and structural response from strong local earthquakes. It

provides tr-axially (orthogonally arranged longitudinal,

vertical, and transverse) measured photographic records of the

local acceleration time history 113. Figure (4.7) is a

photograph of this instrument.

48



o 'U5TToo IL (001 CONjrtRO)

$egoc Pc4 COWaews'

CRANETRACKS 1,, 13,3

J90 GAGSWt SCAL

CD 1,22 "
SM-1 doOTA 25,14.5a cmm

StrFIGUR 4.5l
Lcatiron f rydok Lo0 leac Naa1hpad6og ecClfri

NAVFA D~!-9.3 (OV 81

@*rose



> §
mIIz

map
I ~l-
*8 t L

I, I 3 -

OL 0

soI



SMAm1
Strong Motion Accelerograph

FIGURE 4.7



After the earthquake, the record from the SNA-1 In dry

dock 0 2 was taken to the Naval Civil Engineering Laboratory

where the rough data was analyzed. This data was then

corrected and processed by Structural and Earthquake

Engineering Consultants, Arcadia, California. The corrections

were necessary due to instrument bias and recording errors.

The Naval Civil Engineering Laboratory forwarded these

results, and they were used In this thesis to analyze the

Leahyls blocking system response. The results C53 of data

processing are called "corrected accelerograms" and are

provided in the standard format magnetic media data file as

used by the National Geophysical Data Center, Boulder,

Colorado. The data provided was further processed for use In

"3DOFRUB" using the support programs described In section 2.3.

Figure (4.0) shows the corrected data plots provided by the

Naval Civil Engineering Laboratory for dry dock # 2's

transverse acceleration component. A typical header for one

of the data files Is included In Appendix 3.

The data from the SMA-1 took months to process due to its

analog nature. Digital accelerograph instruments now exist

which can provide Immediate processed information to users via

computer modems in the standard format. But these Instruments

are not yet installed in dry docks.
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4.1 Ko4__ng of the USSL ehy Drydock Blocking System

The characteristics of the USS Leah,;s drydock blocking

system were obtained from the Docking Officer at LBNSY, Hr.

Robert Dixson. The information used came from a "layout

sheet" which was used to construct the blocking system. A

copy of this "layout sheet" is included In Appendix 3. The

following information is obtained from this sheet and is used

in producing an input data file for the "3DOFRUB" computer

program:

Side block height (htside)

Keel block height (htkeel)

Numbers of blocks

Side block cap angles (beta)

Side block breadths (br)

The photographs taken and visual inspection of the

blocking system are used to determine material quantities and

dimensions of each blocking layer. These dimensions are used

in the blocking system stiffness spreadsheets. The features

of the stiffness spreadsheets used are described in detail by

Hepburn Ell. They are included in Appendix 3. The bilinear

model is used to describe the Douglas fir caps. Also, in

Appendix 3 is a summary of the 115S Leahy s blocking system

stiffnesses and the resulting QD values. This summary sheet
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displays the other submarine system stlffnesses as a

comparison.

The moment of inertia about the keel for the Leahy is

calculated using a formula given by Gillmer & Johnson C123

based on the ship's beam for a destroyer type ship. A

spreadsheet Is used for this calculation and Is included in

Appendix 3. The ship is modeled as a "rigid body". This Is

considered reasonable for a cruiser type ship subject to a

small earthquake. Since, each set of ZeahF4s side blocks has

different heights, the Leahvsystem is modeled several times

using each set's heights. A typical data file for the Leahy

used by the "3DOFRUB" program is included in Appendix 3.

4.2 Resul ts of t he _VSS.,Led. A nalyTsiAs

One of the most interesting things found in examination

of the Leay 's blocking system is that the outboard

displacement varied significantly from block to block. Figure

(4.9) is a plot of measured outboard block displacement versus

cap angle. This figure shows that as cap angle increases

outboard side block displacement increases in a linear

fashion. A best fit linear regression line is shown along

with the data points.
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This type of behavior is consistent with the side block

sliding analysis described in section 3.1 and incorporated in

the "3DOFRUB" computer program. However, once sliding occurs,

the three degree of freedom model used in "3DOFRUB ° breaks

down. There is no means incorporated into the program to

determine the amount of side block displacement.

The next analysis step is to run "3DOFRUB" using each

side block cap angle in the Leab.p's blocking system. The

program is run twelve times each time using a different cap

angle. A relationship is found as seen In figure (4.10)

between cap angle and the systems survivability when subject

the dry dock * 2 acceleration time history. All of the

analysis uses the transverse and vertical components of the

dry dock # 2 acceleration time history.

It Is observed that the block on block surfaces for this

system had been painted. According to Rabinowicz (1987) [13J,

a reasonable estimate for the friction coefficient for this

situation is 0.3. This value is used in comparing all of the

cap angles. Figure (4.10) shows a linear relationship between

earthquake survivability and cap angle. As cap angle increase

the system's survivability decreases due to side block

sliding.
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Figure (4.10) predicts that the following side blocks

would slide when subject to the diy dock # 2 acceleration time

history: (15. 14, 13, 7, 12, 6, 1, 4). All of these blocks

were observed to slide. Side blocks are numbered from the

stern forward. Blocks 14 and 15 are the farthest blocks

forward on the port and starboard side.

The program predicts failure ranging from 47 to 117 % of

the dry dock # 2 acceleration time history. The side block

systems which are predicted to fall at the lowest acceleration

time histories were those side blocks with the highest cap

angles. This correlates very well with observed side block

sliding failures on the IS$Zea.hv. A spreadsheet including a

regression analysis of the observed side block displacements

for the SS Leahy's blocking system is included in Appendix 3.

The model predicts side block sliding failure as the

primary failure mode for the SS Leahvysystem subject to the

dry dock # 2 acceleration time history. This is precisely the

actual system failure observed. The model also predicts that

side block liftoff is the primary failure for side blocks with

small cap angles. Again, this is consistent with observations

of the side blocks. The observed variations in the data as

seen in figure (4.9) could be due to such factors as

frictional and material variations among the side block piers.
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An analysis Is then conducted to determine the effects of

varying the frictional coefficient on system survivability.

For this study* cap angle is held constant as are all other

parameters except the block on block frictional coefficient.

Side block # 13 is used in this study. This block has a cap

angle of 0.43 radians which is in the middle of the side block

cap angle range. The block on block friction coefficient Is

varied above and below the 0.3 value as shown in figure

(4.11).

Figure (4.11) shows that there is a very strong linear

dependence of survivability on block on block frictional

coefficient. Varying the friction coefficient from 0.22 to

0.43 results in a survivability range of 22 to 175 S of the

dry dock # 2 acgeleration time history. The best fit line as

well as the data points are shown on the figure. One key

result is that it seems that a block on block friction

coefficient of 0.3 best fits the observed sliding conditions

which occurred on the USS Leahy. A 0.3 value corresponds to

failure at 80 % of the earthquake which is reasonably close to

where the sliding of the side blocks similar to # 13 appeared

to occur.
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Figure (4.12) is the output from "3DOFRUB" for the

vertical displacement of the Leaby's starboard side blocks

(assuming * 13 cap angle and height) during the earthquake.

It shows that slight liftoff does occur about 8 seconds into

the earthquake where the displacements become negative. This

also correlates well with the observed slight liftoff which

occurred. A typical "3DOFRUB" output run is included in

Appendix 3. Based on these results, the three degree of

freedom model and the "3DOFRUB" computer program appear to

correctly reflect the behavior of an actual drydock blocking

system including the effects of side block geometry.

62



Li0

2 U)
wJ ul

V)V

00 0

(N NV131dICZ4d

(f63



CHAPTER 5

WALE SHORE, ISOLATOR, AND BLOCK STIFFNESS/GEOMETRY VARIATION
PARAMETRIC STUDIES

5.0 Parametri¢ StudyDescrption

It has already been seen that present U.S. Navy drydock

blocking systems are inadequate to resist expected earthquake

accelerations. Some potential new materials such as rubber

caps and dynamic isolators look promising in correcting this

problem. Many other design improvements including the use of

wale shores, stiffening the side blocks, and widening the

blocking system base show potential. In order to explore

these possibilities and establish a feel for the design space,

a series of parametric studies using the "3DOFRUB" computer

program are conducted.

Due to the high number of runs expected to accomplish

this study, the Naval Sea Systems Command main frame (VAX)

computer was used. This reduced the run time of "3DOFRUB"

from several minutes to seconds. The system portability built

into the "3DOFRUB" source code allows it to be recompiled for

use on the VAX computer with very few minor changes. These

parametric studies took several days and involved several

hundred runs.

In order to determine the design space, wale shore

stiffness and side block and keel block horizontal and
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vertical stIffnesses inputs to "3DOFRUB" are varied. These

values are not related to any particular existing or potential

blocking system. These values are Input directly Into the

program without first being produced by the stiffness

spreadsheets. Submarine drydock blocking system * 1 is used

as a baseline for these studies. In all cases except for the

study of systems with wale shores and 1 Inch rubber block caps

(system 50 series), a linear material Analysis Is used. The

1940 El Centro earthquake acceleration time history used by

Hepburn C13 is used throughout this parametric study. For

several of these studies, the effect of doubling the keel

block widths is investigated.

5.1 Parametric Study Results

The results of system I 1 vertical side block stiffness

variations on failure due to the 1940 El Centro earthquake is

shown In figure (5.1). Log(kvs) with respect to 1 kip/in is

plotted against failure fraction of the earthquake. For each

stiffness, failure fractions due to all failure modes present

are plotted. The primary failure modes for this system are

side block liftoff, keel block overturning, side block

overturning, and side block sliding. For this particular

study, side block horizontal stiffness is held constant at

100,000 kips/in.
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Since all failure modes are shown In figure (5.1), their

relative dominance can be seen, The curve showing overall

system failure for each stiffness consists of the lines

connecting the bottom failure modes in the figure. Therefore,

the modes of failure which dominate this system are side block

liftoff and keel block overturning. Side block liftoff is

dominant from log(kvs) = 4 to 5.4, and keel block overturning

is dominant from log(kvs) = 5.4 to 6.

The best survivability attained by varying side block

vertical stiffness is 40 % of the El Centro earthquake. While

there is some promise In increasing side block vertical

stiffness, it is still not possible to meet the 0.2 g criteria

by increasing this stiffness alone. Also, the horizontal and

vertical stlffnesses required are extremely high and may not

be practically obtainable in an actual submarine drydock

blocking system.

Another key factor evident in figure (5.1) is that side

and keel block overturning are Important issues. As stiffness

Increases, side block overturning and sliding become less

important; however, above 100,000 kips/In keel block

overturning quickly becomes increasingly important until it

dominates. It is clear that any design strategy must take

into account both preventing side block liftoff and keel block

overturning. As one failure mode is eliminated, another will
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come to dominate; therefore, a design strategy that overcomes

the various failure modes at the same time is required.

Figure (5.2) shows the results of varying side block

horizontal stiffness. In this case, kvs Is held constant at

70,000 kips/in while khs is varied. As shown in the figure,

keel block overturning is the dominant failure mode up to

log(khs) = 4.3 after which slide block liftoff became

dominant.

Since the failure fraction reaches a plateau at log(khs)

= 4.6 up to 5, this appears to be an upper design limit for

horizontal stiffness above which little increase in

survivability occurs. From these and other parametric studies

it is found that for optimal survivability, both horizontal

and vertical side block stiffness have to be increased

together. Again, this shows that a parallel design effort is

required. Varying one parameter alone does not result in a

successful design.

Results of using wale shores of various stiffnesses on

system # 1 survivability are shown in figure (5.3). Rapid

improvements in system survivability occur as wale shore

stiffness is increased. To prevent the occurrence of keel

block overturning, double width keel blocks are used in this

study.
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As seen In figure (5.3), the three primary failure modes

are side block liftoff, keel block overturning, and keel block

sliding. Side block liftoff is dominant up to log(ks) - 4.4.

Keel block overturning overtook side block liftoff and

dominates failure for log(ks) - 4.6 and above. The best

survivability seen is 60 % of the El Centro earthquake which

is well above the 0.2 g criteria. Therefore, the use of wale

shores is quite promising, and the required stiffness appears

obtainable.

The use of wale shores increases system survivability by

reducing the rotation and horizontal displacement of the

submarine during the earthquake. This is due to the large

restoring moment provided by the wale shores resulting from

their high position above the keel baseline. Wale shores also

shift the horizontal and rotational system modal frequencies

well above the excitation frequencies of the earthquake.

When the side and keel blocks are prevented from

overturning and 1 inch of rubber Is added to the block caps,

extremely high system survivability can be obtained using wale

shores. Figure (5.4) shows the results of varying wal1' shore

stiffness. It is found that the use of 1 inch rubber caps

alone more than doubled system survivability. This Is due to

the rubber cap delaying side block liftoff. The wale

stiffness is then varied up to the optimum stiffness values,

30,000 kips/in, shown In figure (5.3).
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By increasing the wale shore stiffnesses, survivability

increased quickly up to about 80 • of the El Centro

earthquake. After this magnitude of earthquakes increasing

wale shore stiffness gave diminishing returns. This study

indicates that wale shores are a viable solution to the

submarine drydock blocking survivability problem. Details of

the wale shore design solution are given in chapter 8.
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CHAPTER 6

DRYDOCK BLOCKING SYSTEM SURVIVAL COMPARISONS AND SITE SPECIFIC
EFFECTS

6.0 Qrydocj11ok. $ I Comparisons

The eleven submarine drydock blocking systems analyzed by

Hepburn 113, Sigman C23, and Karr C33 are again analyzed in

this thesis to determine the effect of Including the geometric

modifications described in chapter 3. The "3DOFRUB" computer

program is run using the 1940 El Centro earthquake

acceleration time history and data files describing each of

the eleven systems. For purposes of comparison, the eleven

systems are modeled as llnear-elastic. The bilinear system

data files used by Hepburn Cl) are modified by setting QD's

equal to zero and setting the plastic stiffness values equal

to the elastic values.

Figure (6.1) is a plot comparing the survivability of

Sigman's [23 eleven submarine systems to the linear systems.

The purpose of this comparison is to determine what effect the

side block buildup angle (alpha), side block cap angle (beta),

and side block wedge effect has on system survivability. The

figure shows that the geometric effects has little impact on

overall system survivability. In some cases survivability is

improved, and in other cases it is decreased.
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The average value for survivability for all eleven

systems is 26 % for both the linear and Sigman analyses. This

is not surprising since submarines have relatively low side

block heights above baseline and low cap angles. Therefore,

Slgman's assumption that submarines have zero side block

height above baseline Is reasonable. However# as seen by the

Leahv case study in chapter 4, the geometric modifications

made to "3DOFRUB" become important in the case of surface

ships due to high side block heights and large cap angles.

Figure (6.2) is a plot comparing the survivability of

Hepburn's El eleven billnear submarine systems to the linear

systems. In this comparison there Is a clear difference in

survivability between the two studies. Overall, linear

systems survive a higher earthquake percentage (26 %) than

bilinear systems (23 %). There Is no case where the billnear

systems survive a larger earthquake than the linear systems.

Systems 5, 6, 7,and 8 survive the same earthquake magnitude.

For these systems, large cap areas are present and the Douglas

fir caps do not undergo plastic deformation. In every other

case, the cap does plastically deform causing the Douglas fir

to incur permanent set thus causing earlier side block

liftoff.
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This comparison shows that Hepburn's CIJ billnear

analysis was more conservative by approximately 10 percent.

The bilinear analysis is a more cumbersome method. The linear

method can be used to approach an adequate design, then the

bilinear method can be used to fine tune the design to assure

survivability.

6.1 Earthauake Site Specificity

Earthquakes differ widely in magnitude, frequency, and

duration. Their effect on local structures is also dependent

on the immediate geological characteristics of the surrounding

area. For this reason, using the 1940 El Centro earthquake

acceleration time history alone is not considered adequate to

develop a satisfactory submarine drydock blocking system

design.

In the case of the I October 1987 Whittier earthquake,

measured ground acceleration varied tremendously depending on

the distance and direction from the epicenter. In addition,

some areas further away from the epicenter felt larger

accelerations than closer locations. Appendix 4 contains a

report from the California Division of Mines and Geology C93

regarding the data from the Whittier earthquake
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The frequency spectrum of the recorded ground

accelerations also depend on local geological conditions 193

1143. Dry dock * 2 at Long Beach Naval Shipyard, where

accelerations were measured, is located approximately 20 miles

from the epicenter of the Whittier earthquake 1153. Figure

(6.3) Is a map produced by the California Division of Mines

and Geology C93 which shows the locations of the epicenter and

Long Beach Naval Shipyard. The ground acceleration was

reduced from 0.45 g's peak acceleration near the epicenter to

0.052 g's peak In dry dock * 2.

In addition the dominant frequency of the earthquake was

reduced from approximately 2 HZ near the epicenter to near I

HZ in dry dock # 2. Mr. Lew from the Naval Civil Engineering

Laboratory E143 stated that this reduction in frequency was

not unique to the dry dock. This frequency was experienced

throughout the Los Angeles harbor area.

Mr. Lew E14) stated that dry dock # 2 is sitting on an

aquifer which exhibits dynamic characteristics similar to a

solid. Along the sides of the dry dock is a layer of solid

material rising approximately 10 feet above the aquifer. A 30

foot deep hydraulic layer exists above this solid material.

Above this is a compacted land fill layer. This combination

of geological properties around the dry dock contributes to

the relatively low ground acceleration frequencies

experienced.
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In order to make a valid comparison between the effects

of using the 1940 El Centro earthquake and the dry dock * 2

acceleration time histories, the dry dock's accelerations are

normalized to the El Centro's magnitudes. The energy content

of an earthquake depends on the magnitude of Its ground

displacements and the earthquake duration C173. The amount of

energy that an earthquake imparts to a structural system

depends on the earthquake's frequency content relative to the

natural frequencies of the structure. It also depends on

relative Impedance or mobility of the structure relative to

the ground. The Richter scale, which Is measure of the

earthquake's energy, Is based primarily on the log of the

earthquake peak displacement.

To normalize the dry dock # 2 earthquake, the first step

is to make the two earthquakes' acceleration time histories

the same duration, 20 seconds. The El Centro earthquake is

truncated by using the first 20 seconds, the most violent part

of the earthquake. The dry dock # 2 acceleration time history

was originally approximately 16 seconds in duration. To

create a 20 second duration, the last four seconds of the

record Is multiplied by an exponential decay factor and added

on to the end of the existing record.

Next, the dry dock # 2 accelerations are normalized to

the same magnitude of El Centro by multiplying by a factor of

10.97. This factor is obtained by dividing the peak
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displacement of the El Centro earthquake (14.61 cm) by the

peak displacement of the dry dock # 2 earthquake (1.33 cm).

Figure (6.6) shows the 1940 El Centro earthquake

acceleration time history and the normalized dry dock # 2

acceleration time history. It Is clear from these plots that

the excitation frequency of the normalized earthquake Is much

lower than that of the El Centro. These two earthquake

acceleration time histories are used in this thesis for system

design development.

It is clear from previous analysis that both a low

stiffness design approach using isolators and a high stiffness

design approach using wale shores are both viable. Using a

higher frequency-earthquake like the El Centro is a more

conservative approach for a high stiffness design. Similarly

a lower frequency earthquake like the normalized dry dock * 2

accelerations is a more conservative approach for a low

stiffness design.

Figures (6.7) and (6.8) are the response (or shock)

spectra for the dry dock # 2 and the 1940 El Centro C73

acceleration time history respectively. These figures show

the dominant frequencies of these earthquakes. El Cetro's

dominant frequency is approximately 2 HZ for the 5 % damping

case used in this thesis. For dry dock 4 2 this dominant

frequency is approximately 1 HZ again using 5 % damping.
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6.2 System Survivability Frequ ncy Dependence

To determine the dependence of system survivability on

system natural frequency# a plot Is made, figure (6.9),

showing El Centro earthquake survivability versus mode I

(fundamental) frequency. All eleven systems' mode 1

frequencies using Sigman's, bilinear, linear, and 1 Inch

rubber cap models are plotted. The natural frequencies for

these systems range from 0.4 to 1.6 HZ with an average around

1 HZ.

There is no correlation between mode 1 frequency and

earthquake survivability for these systems as shown by the

data and the flat best fit line. This is because the mode I

frequency, the lowest system modal frequency, is sufficiently

below the dominant frequency of the El Centro earthquake, 2

HZ. No dynamic amplification occurs. Significant dynamic

amplification and thus lowered survivability Is expected if

the system modal frequency is near the earthquake's dominant

frequency.

This is precisely what Is found when eleven billnear

systems are excited by the normalized dry dock 9 2 earthquake.

Figure (6.10) is a plot of normalized dry dock * 2 earthquake

survivability versus mode 1 frequency. In this case, the

dominant frequency of the earthquake, I HZ, corresponds to the

average system modal frequency.
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A clear dependence of system survivability on frequency is

shown in the figure by the best fit curve. The systems with

natural frequencies closest to that of the normalized dry dock

* 2 earthquake has the lowest survivability.

A comparison of the survivability of the eleven submarine

drydock blocking systems due to El Centro and normalized dry

dock * 2 earthquakes is shown In figure (6.11). The data for

this figure as well as other comparisons is included In

Appendix 4. This figure clearly Illustrates the degradation

of system survivability due to resonant frequency effects.

All eleven systems fail at much lower levels when excited by

the lower frequency normalized dry dock 0 2 earthquake.

Overall# system survivability Is about 8 % for the normalized

dry dock # 2 earthquake compared with 23 % for the El Centro

earthquake.

It is important to emphasis that these low survivability

percentages for submarine drydock blocking systems are based

on an actual earthquake acceleration time history measured In

a U.S. Naval shipyard dry dock. The validity of this problem

is confirmed by the U$SLeah vcase study where a current U.S.

Navy ship drydock blocking system failed when subject to a

relatively small earthquake (0.05 g peak acceleration). This

shows the importance of taking frequency dependence into

account when designing an earthquake resistant system.

92



rf) / 2

rz z/

O~Lvi

>- i

0 z

L)

-.J

7/

cflAIAtjrS 3>4VnODH.LWV IN~3d3

93



CHAPTER 7

ISOLATOR AND RUBBER LOW-STIFFNESS DESIGN

7.0 Design Proces

Dynamic isolators and rubber caps either singly or in

combination are very attractive potential solutions to the

submarine drydock blocking system survivability problem.

Hepburn 1l3 studied the properties of Dynamic Isolation

Systems Inc. (D.I.S.) dynamic Isolators and developed a

bilinear model to describe their behavior. Using the

"3DOFRUB" program with the "BILINALL" and "RUBBER"

subroutines, a design study of a blocking system with D.I.S.

Isolators and rubber caps is undertaken. The purpose of this

study is to find a low stiffness system which survives up to

dry dock failure (0.26 g's).

The first step in the study is to install D.I.S.

isolators in place of the oak layer in submarine blocking

system # 1, the SSBN 616 system used by Hepburn 113. The

isolator parameters are the same as Hepburn's. In addition,

one inch of natural rubber is added to the top of the Douglas

fir cap. The 1940 El Centro earthquake is the exciting

earthquake for the Initial portion of this study.

The first result is unexpected. Using the D.I.S.

isolators without a rubber cap, Hepburn found that the system
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survives 35 % of the earthquake. With one inch rubber cap

without isolators, system # 1 survives 32 %. It was expected

that the combination would increase survivability. Actually

it Is found that this combination resulted in lower (20%)

survivability.

In general, this decrease is due to the effect of

multiple modes of vibration. By using either I Inch rubber

caps or D.I.S. isolators singly. the system's mode I frequency

is driven well below the fundamental frequency of the El

Centro Earthquake. At the same time, the system's mode 2

frequency Is driven lower but still remains well above the

earthquakes fundamental frequency.

By combining the rubber and isolators, the mode 1

frequency is driven very low, but the mode 2 frequency is

driven into resonance. From this it became clear that to

develop a successful design, both the mode I and 2 system

frequencies must be driven well below resonance without

driving mode 3 into resonance. While mode I and 2 are

coupled, mode 1 is primarily the system's rotation, and mode 2

is primarily horizontal displacement. Mode 3 is the system's

vertical displacement.

Using "3DOFRUB", several runs are made with progressively

less horizontally stiff isolators. To reduce horizontal

stiffness the values of khs, khk, khsp, kkhp, and the
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associated QD values are decreased. Figure (7.1) Is plot of

the 1 inch rubber cap/isolator system survivability versus

mode 2 frequency. The figure shows that as the systems

frequency and horizontal stiffness is decreased, system

survivability Increases dramatically. The mode 2 frequency is

being driven below the earthquakes fundamental frequency.

Figure (7.1) shows that the system survives a 0.26 g

earthquake, however, the horizontal stiffness required is

reduced by 60 % from the original rubber/isolator horizontal

stiffness. To actually construct a system with this

horizontal stiffness would require Isolators with extremely

low horizontal stiffness. These isolators may be impractical

to fabricate.

To allow the isolators to have higher horizontal

stiffness the effects of using thicker rubber caps is

explored. Figure (7.2) Is a comparison of system

survivability using various rubber cap thicknesses. The use

of 3 inches of rubber does not significantly shift the

survivability curve toward higher stiffnesses. Therefore, the

use of 6 Inch rubber caps is Investigated. Six Inches is

considered the practical thickness limit. Rubber caps thicker

than this would tend to be vulnerable to wind loads, but the

wind load problem is not investigated In this thesis.
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The use of six inches of rubber significantly shifts the

survivability curve to the right as seen in figure (7.2).

Therefore# six inches is selected for the final low stiffness

design solution. Figure (7.3) Is a comparison between the

various rubber cap thicknesses for a given horizontal

stiffness. This shows the additional benefits of the use of

rubber caps. Increasing the thickness of the rubber Improves

survivability by preventing liftoff.

The use of at least one Inch of rubber cap Is vital.

Survivability lumps from 5% to 70% with the use of just one

Inch of rubber. The side block horizontal stiffness used for

the figure (7.3) comparison Is the final design stiffness

used. The figure shows that if the rubber cap is removed the

system would survive a much smaller earthquake than the

original system * 1. However, the rubber caps alone cannot

provide a low enough horizontal stiffness to survive up to dry

dock failure. The final low stiffness solution using the 1940

El Centro earthquake survives 72 % (0.32 g's). The data file

and output from "3DOFRUB" for this solution is included in

Appendix 5.

Since the normalized dry dock * 2 earthquake has a lower

fundamental frequency, this earthquake is used to test the low

stiffness solution. It is found that the horizontal stiffness

has to be decreased even further for the system to survive the

0.26 g dry dock survival level.
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The final survival level is 0.28 g's (63%). This new low

stiffness solution is recommended If the rubber/isolator

method is used.

From this solution, the parameters of the required

individual dynamic isolators has to be determined. This is

accomplished by using the blocking pier stiffness spreadsheets

included in Appendix 5. These are the same spreadsheets as

used to calculate the blocking pier stlffnesses. They are

used to calculate the individual isolator properties by

working backwards.

The isolators' parameters are determined as follows.

First, the spreadsheet for determining blocking pier

horizontal stiffness is used. Knowing the pier's overall

stiffness and dimensions and knowing the properties of all the

other layers, the only parameter that could be varied to give

the proper total pier stiffness is the isolator's modulus of

elasticity, . By varying Cuntil the correct pier stiffness

is obtained, the correct value of E for the isolator is

obtained. Next, to determine the horizontal stiffness of an

individual isolator, all the other blocking pier layers are

made infinitely stiff except for the Isolator. With the

isolator E value known, the value of Individual Isolator

stiffness is given by the spreadsheet. This procedure is used

to determine first stiffness line (elastic) and second
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stiffness line (plastic) isolator parameters for both the keel

and side block systems.

The OD values for the isolators are determined using the

following equation:

QD = XEL*(KU-KD) (7.1)

where:

XEL is the elastic limit for the original isolator, used by

Hepburn [13,in inches.

QD is the restoring force intercept of the second stiffness

slope for the isolator.

KU is equal to the elastic stiffness of the isolator.

KD Is equal to the plastic stiffness of the isolator.

Table 7.1 are the original isolator parameters used by

Hepburn 13. Using the same XEL values as the original

isolators the value of QD is determined by applying equation

(7.1).
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TABLE 7.1

ORIGINAL D.I.S. ISOLATOR
PARAMETERS

SIDE ISOLATOR KEEL ISOLATOR

XEL: 0.285 in 0.400 in

QD: 4.55 kips 11.03 kips

KU: 17.8 kips/in 31.31 kips/in

KD: 1.83 kips/in 3.72 kips/in

Kvert: 850 kips/in 1845.83 kips/in

(where Kvert is the vertical stiffness of each isolator)

TABLE 7.2

FINAL LOW STIFFNESS DESIGN ISOLATOR
PARAMETERS

SIDE ISOLATOR KEEL ISOLATOR

XEL: 0.285 in 0.400 in

QD: 0.638 kips 1.15 kips

KU: 2.75 kips/in 3.36 kips/in

KD: 0.51 kips/in 0.49 kips/in

Kvert: 850 kips/In 1845.83 kips/in
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The manufacturer (D.I.S.) of the isolators was contacted

once the parameters of the required isolators were known.

D.I.S. Vice President for Engineering, Buckle 1183, stated

that an isolator with these required parameters would be

impractical to build. However, he stated that an isolation

system of equivalent properties could be built using higher

stiffness isolators on every fourth block.

The blocks without isolators would have low friction

sliders which carry the vertical load and provide no

horizontal stiffness. These sliders would be coated with a

low friction material such as teflon. Such sliders, according

to Buckle, are used extensively in bridge isolation systems.

The final low stiffness solution does incorporate sliders.
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7.1 Descriotion of the Low StiffnessSolution

Figure (7.4) is a 2D drawing of the recommended low

stiffness submarine drydock blocking system solution. This

solution survives 63 % (0.28 g's) of the normalized dry dock *

2 earthquake. The design includes the following features:

1. Isolators will be placed in every fourth keel and

side blocking pier. All other blocking piers will

contain sliders.

2. All keel and side block piers are rigidly attached

to the dry dock floor to prevent overturning.

3. A steel carriage is used to rigidly tie the caps

together transversely to prevent sliding. It also

ties the system together longitudinally so the

Isolators provide a restoring force to entire

system.

4. The steel carriage is only rigidly attached to the

blocking piers containing isolators. It Is free to

slide on all other piers.

5. A 6" rubber cap Is used on top of the steel carriage

to help prevent liftoff and to aid the isolators in

decoupling the submarine from ground acceleration.
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The "3DOFRUB" program could not completely model this

system directly. Therefore, a few changes to the data file

are required to simulate this system. First, the keel and

side block widths are made extremely wide to simulate rigid

attachment. The block on block friction coefficient is made

extremely high to simulate the caps' rigid attachment to the

steel carriage. The model used has the isolators attached to

concrete blocks instead of to the dock floor; however, the

stiffness of the isolators is so low compared to the concrete

that this has no effect on the results.

7.2 Responseof the Low Stiffness Solution

The response plots analyzed in this section for the low

stiffness solution are due to excitation by 63 % of the

normalized dry dock # 2 earthquake. The natural frequencies

of the low stiffness solution are such that the lower

frequency normalized dry dock * 2 earthquake produced lower

levels of survivability, 63%, compared to the higher frequency

1940 El Centro earthquake, 72%. The normalized dry dock # 2

earthquake was used to produce the output plots because it had

lower frequencies and produced a lower level survivability;

therefore, it was the more conservative earthquake to use in

analyzing the low stiffness design.
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Figure (7.5) is a plot of the keel horizontal

displacement relative to the dry dock floor as a function of

time. This plot shows that the low stiffness solution has

very large horizontal relative displacements associated with

it. The maximum keel displacement seen in this figure, about

6 inches, is typical for base isolated structures according to

Buckle E183. The displacements are large; however, they have

a low frequency and are smooth which means the submarine is

experiencing low velocities and accelerations. This

horizontal displacement response is extremely different from

that of the exciting acceleration shown in figure (6.6). This

illustrates the horizontal decoupling effect of the

rubber/isolator systems.

These low accelerations can be seen in the keel block

horizontal force versus time plot in figure (7.6). The high

stiffness solution discussed in chapter 8 has keel block

horizontal forces which are larger by an order of magnitude.

Figure (7.7) shows the rotational response of this system.

This figure is a plot of the systems rotation about the keel

versus time. This plot shows that the rotations are

relatively large, but smooth and low in frequency. This

response is also extremely different from that of the exciting

acceleration and shows the rotational decoupling of the

rubber/isolator system. However, figure (7.8) shows that the

vertical displacement is more closely coupled with the

earthquake's vertical acceleration (figure (6.5)).
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The bilinear behavior of the dynamic isolators Is clearly

shown in figure (7.9). This figure shows the keel restoring

force versus horizontal displacement. The two stiffness

slopes are evident. If during an earthquake excitation loop

the isolator does not go plastic, the force oscillates up and

down the elastic stiffness slope as can be seen in the figure.

The total area Inside all of the hysteresis loops is the

amount of energy the isolator dissipates from the system

during the earthquake. This hysteretical damping is one of

the key benefits of using D.I.S. isolators.

The forces on the left side blocks, keel blocks, and

right side blocks are shown in figures (7.10 through 7.12)

respectively. The first key thing to note about these three

figures Is that at time zero the total force on all three

blocking systems is the weight of the submarine. The keel

block system's load is 12000 kips (70 V), and each side block

system's load is 2300 kips (15 ).

The side block force is mostly due to rotation of the

submarine as can be seen by Its similarity to figure (7.7)

which is the plot of system rotation. The other significant

feature of the right and left side block plots Is that the

forces are 180 degrees out of phase which Is consistent with

the physical situation. The forces on the keel are due to a

combination of static load and vertical displacement.
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The displacements of the left side blocks, keel blocks,

and right side blocks are shown in figures (7.13 through 7.15)

respectively. At time zero, the plots represent the static

deflection caused by the submarine's weight. In this case all

three systems initially have the same displacement. This must

be the case if the submarine is assumed to be a rigid body

which it is. The initial displacement is approximately one

inch into the rubber cap. The plots show that liftoff does

not occur; however, for the left side block system liftoff

came within 0.15 inches of occurring. For the right side

block the system only came within 0.4 inches of liftoff.

The differences between the right and left side block

response is due to the random nature of the exciting forces.

The overall range of the displacements is very close to being

the same. Even though the forces experienced by the keel

blocks are much higher than those on side blocks, the relative

vertical displacement of the keel blocks is very small

compared to the side blocks. This is because the side blocks

are much less stiff vertically than the keel blocks, and the

keel blocks are not subject to rotation. These plots show

that the model is producing reasonable response output. They

provided an excellent check of the "3DOFRUB" computer program.
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Finally, figures (7.16 through 7.18) show the bilinear

behavior of the rubber caps. The plots show that the keel

blocking system starts out and remains on the second rubber

bilinear stiffness slope. For the side blocks, the plots show

that both sets of side blocks experienced both rubber bilinear

stiffness slopes. One very interesting issue seen in figure

(7.16) is that as the left side block system unloaded, the

rubber bilinear behavior significantly delays and prevents

side block liftoff from occurring. The smaller slope near

zero load helps to keep the submarine in the side blocks.

This is the primary reason rubber is a superior material for

use as a blocking system cap.
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CHAPTER 8

WALE SHORE HIGH STIFFNESS DESIGN

8.0 DesIan Process

As was shown in the section 5.1 wale shore parametric

study, the use of wale shores Is also a promising solution to

the submarine drydock blocking system survivability problem.

The use of wale shores increases system survivability by

reducing the rotation and horizontal displacement of the

submarine during the earthquake. Wale shores also shift the

horizontal and rotational modal frequencies well above the

fundamental frequencies of the earthquake.

From the wale shore parametric study, It is found that

using wale shores with stiffnesses greater than or equal to

6000 kips/in along with one Inch rubber keel and side block

caps produce system survivability well In excess of dry dock

failure. This is illustrated in figure (5.4). In order to

compare the high stiffness solution with the low stiffness

solution described in chapter 7, a system which survives 72 %

of the 1940 El Centro earthquake Is designed. The input data

file and the output file from "3DOFRUB", which realize this

level of survivability, is included In Appendix 6. Also

included in this appendix is the output file for this system

using the normalized dry dock # 2 earthquake excitation.
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The 72 X (0.32 g's) survivability level Is desirable to

give the system a reasonable factor of safety above the 0.26 g

dry dock failure level. For the low stiffness design only 63

S (0.28 g's) survivability could be attained due to excitation

by the normalized dry dock * 2 earthquake before practical

manufacturing limits of the Isolator system are reached. This

level of survivability Is still considered acceptable.

The next step in this study is to determine how to

practically realize this design. Once the required total

stiffness of the wale shores is determined, the actual number

and dimensions of the individual wale shores has to be found.

The first assumption made is to design the wale shores for

Long Beach Naval Shipyard dry dock * 2# which is a typical

U.S. Naval shipyard graving dock. This requires the lengths

of the wale shores to be approximately 32 feet when supporting

a system I submarine.

Since the wale shores are compression elements vulnerable

to buckling, based on Hughes 1193 wide flange steel sections

are chosen for the wale shores. In order to minimize dry dock

production interference and to avoid overstressing the

submarine, wale shores are only placed over existing side

block pier locations. Therefore, the wale shores would bear

on the submarine ring stiffeners. To determine the required

individual wale stiffness, the number of wale shores is first

assumed to be seven. Then a spreadsheet similar to that used
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to calculate blocking pier vertical stiffness Is used to

determine what steel section Is required to give the necessary

overall wale shore stiffness. This spreadsheet is included In

Appendix 6.

It Is assumed that each wale shore would consist of a

layer of rubber, a half inch steel backing plate, and a wide

flange steel beam. To prevent separation of the wale shore

from the submarine during the earthquake the wale shore is

Initially compressed against the submarine using an hydraulic

jack. A satisfactory steel section Is found using a steel

wide flange beam design table in Popov 1203.

Once a section is selected, It Is tested for buckling

survivability using the following procedures

1. Using Hughes' column design curves C193, a value of

ultimate stress for a single wale shore is obtained.

The appropriate curve for a wide flange (universal

column) is selected. This curve takes into account

eccentricities in the beam.

2. To enter the curve a yield stress Is required.

33000 psi mild steel Is used.

3. Next, a slenderness ratio, Le/r , Is needed. This

is obtained from Popov [203. For simply supported

conditions Le Is equal to the length of the beam.
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The value of r, the radius of gyration, is found

from Popov's beam designtable.

4. The actual stress In the beam then has to be

determined. This 1s accomplished by determining the

force In the wale shore and dividing It by the

sectional area of the beam, A... The equations for

the wale shore stress, G--. are as follows:

F.. = R/A. (8.1)

R = ksp'*x'.. + Fj (8.2)

F= (Dj - XEL)*Ksp' + A,.f* "-Lb (8.3)

XEL - (A~b* ', b)/ks' (8.4)

D- X'. (8.5)

where:

R = maximum total force seen by an individual wale shore.

It Includes the maximum earthquake forces and the

Initial compressive forces applied by the hydraulic

Jack.

ksp' is the total stiffness of an Individual wale shore

when Its rubber cap Is operating on its second

bilinear stiffness slope.

x'm.._ is the maximum horizontal deflection seen by the

wale shore as determined from the output of

"3DOFRUB" using the height of the wale shore above

the keel, AAA, the rotation angle theta, and the

keel horizontal displacement x.
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F,, the jacking force, is the initial force applied to

wale shore by the hydraulic Jack to prevent

separation.

Dj is the Initial deflection of wale shore caused by the

jacking force.

XEL is the elastic limit deflection where the wale shore

stiffness changes slope.

A-, . is the cross sectional area of the rubber cap of the

wale shore.

I.. is the stress at which the rubber cap changes

stiffness.

ks' is the total stiffness of an individual wale shore

when its rubber cap is operating on its first

bilinear stiffness slope.

5. The final check for buckling requires that U"-. is

less than 7"1* In order to meet this requirement

and maintain a reasonable wale shore size the number

of wale shores has to be increased to 14. Table 8.1

lists the parameters obtained for the final high

stiffness wale shore design which satisfies the

buckling criteria.
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Table 8.1

FINAL HIGH STIFFNESS DESIGN WALE SHORE
PARAMETERS

* wale shores: 14 per side

Section: 27x14 WF 145 mild steel

3.09 Inches

Length (Le): 385 inches

Le/zr. 123.3

ks': 134.15 kips/in

ksp': 437.51 kips/in

XEL: 0.36 inches

9095 psi

IT,,t +13500 psi

F,: 138.79 kips

D1 . 0.57 inches

It is assumed that during the earthquake the wale shore

stiffness remains equal to ksp'. The wale shore is designed

so that there is a large enough rubber cap and enough initial

compression supplied by the jack so that the wale shore never

loses contact with the submarine during maximum horizontal

displacement and rotation during the earthquake.
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8.1 Lecription of the High Stiffness Solution

Figure (8.1) is a 2D drawing of the recommended high

stiffness submarine dry dock blocking system solution. This

solution survives 72 % (0.32 g's) of the 1940 El Centro

earthquake and 75 % (0.34 g's) of the normalized dry dock # 2

earthquake. The design includes the following features:

1. 14 wale shores are placed directly over the side

block positions at a position half the diameter of

the submarine up from the keel. They are attached

to the dockside by a hinge-pin-jack assembly as

shown in figure (8.2). Cables are used to support

and align the the wale shores.

2. Each wale shore is 32 feet long. Table 8.1

describes the steel section used. A three inch

rubber cap is placed between a backing plate and the

submarine hull. A 70 ton Jack is used to pre-

compress the wale shore against the submarine to

prevent separation during the earthquake.

3. The keel and side concrete blocking piers are

rigidly attached to the dry dock floor to prevent

overturning.

4. A steel carriage is rigidly attached to the caps and

concrete blocking piers to prevent sliding. It also

ties the system together longitudinally.

5. A one inch rubber cap is used on top of the steel

carriage to help prevent liftoff.
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The "3DOFRUB" program could not completely model this

system directly. Therefore, a few changes to the data file

are required to simulate this system. First, the keel and

side block widths are made extremely wide to simulate rigid

attachment. In addition, the block on block friction

coefficient is made extremely high to simulate the caps' rigid

attachment to the steel carriage. The stiffness of the wale

shores Is assumed to remain on the second stiffness slope.

8.2 Resppnse of the High Stiffness Solution

The response plots analyzed in this section for the high

stiffness solution are due to excitation by 72 % of the 1940

El Centro earthquake. The natural frequencies of the high

stiffness solution are so high that both the 1940 El Centro

and the normalized dry dock # 2 earthquake produce similar

levels of survivability (72% and 75%). This is an indication

that the procedure used in section 6.1 to normalize the dry

dock * 2 earthquake with the 1940 El Centro earthquake was

done correctly. The 1940 El Centro earthquake is used to

produce the output plots because it has higher frequencies and

produces a lower level survivability; therefore, It is the

more conservative earthquake to use in analyzing the high

stiffness design.

Figure (8.3) is a plot of the keel horizontal

displacement relative to the dry dock floor as a function of
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time. This plot shows that the high stiffness solution has

relatively small horizontal displacements associated with it.

However, the displacements are high in frequency and have

abrupt transitions which means the submarine is experiencing

high velocities and accelerations. This output is closely

coupled to the horizontal earthquake excitation shown in

figure (6.6).

These high accelerations can be seen in the keel block

horizontal force versus time plot in figure (8.4). The high

stiffness solution has keel block horizontal forces which are

larger than the low stiffness forces described in chapter 7 by

an order of magnitude. Figure (8.5) shows the rotational

response of this system. This figure is a plot of the systems

rotation about the keel versus time. This plot shows that the

rotations are relatively small as Is expected with use of wale

shores. Figure (8.6) shows that the vertical displacement is

coupled with the earthquake's vertical acceleration as is the

case for low stiffness solution. Figure (8.7) is a plot of

the left wale shore deflection versus time. In this figure, a

positive deflection is compression and a negative deflection

is expansion. The maximum amount of expansion the wale shores

are designed to withstand is 0.57 inches.
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As seen In figure (8.7), the wale shores do not deflect

beyond the maximum expansion limit. Therefore, no separation

of the wale shores from the submarine occurrs during this

earthquake. Without precompression by the jacks, the wale

shore would have separated from the submarine.

The forces on the left side blocks, keel blocks, and

right side blocks are shown In figures (8.8 through 8.10)

respectively. In these three figures, at time zero the total

force on all three blocking systems Is the weight of the

submarine. The keel block system's load is 12000 kips (70 %).

and each side block system's load is 2300 kips (15 %).

The side block force Is mostly due to rotation of the

submarine as can be seen by its similarity to figure (8.5)

which is the plot of system rotation. The right and left side

block plots are 180 degrees out of phase. The forces on the

keel are due to a combination of static load and vertical

displacement. As is the case with vertical displacement, the

keel vertical forces are coupled with the vertical earthquake

excitation.
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The displacements of the left side blocks, keel blocks,

and right side blocks are shown in figures (8.11 through 8.13)

respectively. At time zero, the plots represent the static

deflection caused by the submarine's weight. All three

systems initially have the same displacement. The initial

displacement is approximately 0.38 inches into the rubber cap.

This static displacement is only about one-third of that for

the low stiffness solution which has 6 inch rubber caps

instead of 1 inch. The plots show that liftoff does not

occur; however, for the left side block system liftoff came

within 0.01 inches of occurring. The right side block system

also came within 0.01 inches of liftoff. Even though the high

stiffness solution is closer to side block liftoff than the

low stiffness solution, since the range of displacement of

side blocks is much less for the high stiffness soluticn the

susceptibility of liftoff for both solutions is approximately

the same.

Finally, figures (8.14 through 8.16) show the bilinear

behavior of the rubber caps. The plots show that the keel

blocking system starts out and remains on the second rubber

bilinear stiffness slope. For the side blocks, the plots show

that both sets of side blocks experience both rubber bilinear

stiffness slopes. Figure (8,16) shows how close the right

side block is to lifting off. This Is reasonable considering

failure occurs at a one percent higher earthquake magnitude

due to side block liftoff.
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CHAPTER 9

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

9.0 SirMIm_cy9f Results

This thesis described the development of the three degree

of freedom submarine drydock blocking system design package

based on the "3DOFRUB" computer program. The differential

equations of motion are developed to include the effect of

high blocking systems and wale shores. The sliding failure

0 mode is modified to more accurately take into account the

effects of cap angle.

A case study is undertaken involving the earthquake

sliding failure of the ISS Leahv (CG-16) while in a graving

dock at Long Beach Naval Shipyard. This study verifies the

accuracy and usefulness of the "3DOFRUB" program. A

parametric study is conducted to determine the effects of wale

shores, isolators, and block stiffness and geometry variations

on system survivability. The effects of using earthquake

acceleration time histories with differing frequency spectrums

on system survivability is studied.

Eleven submarine drydock blocking systems are studied

using linear wood caps, bilinear wood caps for two different

Searthquakes, and one inch bilinear rubber caps. None of these

systems survive to dry dock failure (0.26 g's) or even met the
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U.S. Navy earthquake acceleration survivability criteria (0.20

g's). This shows that current U.S. Navy submarine drydock

blocking systems are inadequate to survive expected

earthquakes. Figure (9.1) illustrates the survivability

levels of the various systems studied.

Two design solutions are found that met the dry dock

failure requirements. The low stiffness solution uses dynamic

isolators and rubber caps, and the high stiffness solution

uses wale shores and rubber caps. The survivability of these

two solutions when excited by the 1940 El Centro Earthquake Is

plotted in figure (9.2). This figure also includes the

survivability of submarine system I using linear and bilinear

wood, one inch rubber caps, and dynamic isolators. Both of

the solutions have the same survivability level, and provide a

reasonable margin of safety over the dry dock failure level.
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9.1 Conclusions

Both of the design solutions survive beyond the dry dock

failure level; however, each of the designs have their own

advantages and disadvantages. Figure (9.3) is a comparison

between the keel block displacements for the wale shore

solution and the isolator solution when excited by their

respective design earthquakes. It is evident from this figure

that the wale shore solution virtually prevents the submarine

from moving horizontally relative to the dock floor. The

isolator solution allows relatively large horizontal

displacements to occur. Figure (9.4) is a comparison of the

rotation of these two systems. Again, the wale shores are

reducing movement.

The primary difference between the two design solutions

is illustrated in figure (9.5). This figure Is a comparison

between the side block horizontal forces experienced by each

solution. As seen in this figure, the wale shore system

experiences forces which are an order of magnituae higher than

those seen by the isolator solution.
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The forces seen by the wale shore solution are also much

more abrupt and higher In frequency. As expected, the wale

shore solution very closely follows the earthquake. The wale

shore high stiffness solution almost rigidly attaches the

submarine to the dry dock. Therefore, personnel and equipment

inside the submarine will experience the full acceleration

magnitudes of the earthquake.

The isolator solution nearly uncouples the submarine from

the dry dock so that the submarine remains almost fixed in

space while the dry dock vibrates beneath. The accelerations

experienced by the submarine are an order of magnitude less

than the earthquake accelerations. This substantially

improves the safety of personnel and equipment inside the

submarine. Even though submarines are designed to withstand

large shock factors, when a submarine is in dry dock much of

its equipment and machinery may be open for repairs. In

addition, the shocks accompanying an earthquake may last well

over one minute as opposed to the very short duration of a an

explosion shock wave.

Both of the design solutions can be constructed; however,

there are some cost and interference concerns. The wale shore

solution will interfere with access to the dry dock to some

degree, although the wale shores could be used as utility runs

and staging platforms. This solution's impact on the dry dock

itself is non-trivial. The installation of 28 hinge
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assemblies along the dockside will be a major dry dock

modification. In addition, the steel carriage and dry dock

floor attachment fixtures are major changes to current

drydocking practices and will require significant design and

construction efforts.

Most of the modifications required to the blocking system

and dry dock are within the capability of shipyards to

accomplish. After a drydocking evolution has been completed,

many additional manhours will be required to install the wale

shores. One wale shore per side can be removed for production

reasons while still meeting the survivability criteria. The

use of the steel carriage and rubber caps might reduce the

hours required to layout a blocking system. The measurements

of the system would be locked into the construction, and it

would be easier and faster to assemble this blocking system

with cranes. The use of rubber and steel in the blocking

system Is much more reliable than the present oak and Douglas

fir.

The isolator solution may be the more expensive solution

due to the large number and high cost of the dynamic

isolators. However, this solution offers less production

interference and a substantial increase in submarine personnel

and equipment safety. The actual blocking system size

increase will be limited to the cross-connections of the steel

carriage, but significant changes will still be required to
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the dock floor to allow rigid attachment. Again, the use of

the steel carriage and rubber caps should reduce the layout

time of the drydock blocking system. Even though the

submarine may move up to six inches horizontally during an

earthquake using isolators, this motion is acceptable if

appropriate precautions are taken in rigging services and

platforms.

Considering the almost certain occurrence of a major

earthquake in the proximity of a U.S. Naval shipyard where

submarines can be drydocked within the next 20 years, the

expeditious incorporation of one of these design solutions

into U.S. Navy drydocking standards is strongly recommended.

9.2 Recommendations for Further Study

It is highly recommended that the following areas be

investigated to further verify the feasibility of the proposed

designs:

1. Study the effect of the wide range of existing wood

blocking material properties on pier stiffness using

statistical analysis.

2. Conduct additional tests on wood blocking materials

to determine their properties when loaded at angles

to the grain normally seen in a blocking system.
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3. Conduct tests on rubber cap material in order

determine its stiffness and rigidity behavior under

biaxial loading.

4. The specific dynamic isolator and the associated

sliders required for the low stiffness solution need

to be designed in detail.

5. The steel carriage assembly for both solutions needs

to be designed.

6. The required dry dock structural modifications need

to be determined.

7. The design solutions need to be verified using model

tests employing shaker tables and scale models.

8. A detailed earthquake site specific study needs to

be accomplished. This would include the

instrumentation of all graving docks susceptible to

earthquakes in order to increase the data base. The

proposed designs should be checked against a full

range of different earthquake acceleration time

histories.

9. Surface ship blocking systems need further

examination. This should include modeling the

flexibility inherent in surface ships. The problem

of surface shlp's significant longitudinal block

loading distribution should also be taken into

account.
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10. The final design solution for use in Navy dry docks

should also take into account the longitudinal

excitation and response of the blocking system.

r
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APPENDIX 1

1. "3DOFRUB-- Computer Program Listing
2. "ACCLINPT' D'BILINALL" ,"RUDBER", and

"RESPALL" Subroutine Listings
3. Sample Input Data File and Output File
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"3DOFRUB" Computer Program Listing

Page 1
03-11-88
16:50: 34

D Line$ 1 7 Microsoft FORTRAN77 V3.20 02/84
1
2 $title: '3DOFRUB'
3 Snofloatcalls
4 $storage: 2
5
6 C-------------------------------------------------------------------
7
8 C NON-LINEAR THREE DEGREE OF FREEDOM SYSTEM RESPONSE
9 C USING FOURTH ORDER RUNGE-KUTTA METHOD

10 C AND BILINEAR VERTICAL & HORIZONTAL STIFFNESSES
11 C WITH HORZ/VERT ACCELERATION INPUT
12 C AND DISPLACEMENT OUTPUT FILES
13 C (INCLUDES WALE SHORE EFFECTS & HIGH BUILDUPS
14 C AND THE USE OF RUBBER CAPS)
15
16 C-------------------------------------------------------------------
17
18
19 integer NN,l,um,n,hull,risys,flaglO,11
20 integer flagi, flag2, flag3, flag4, flag5, flag6, flag7, flag8
21 integer KY1,KY2,KY3,KY4,WWW1,YYYI,UUU1.WWW2,YYY2,UUU2,WWW3,YYY3
22 integer UUU3,WWW4,YYY4,UUU4,UUU5,WWW5,YYY5,derr
23 real*8 beta,weight,h, Ik~gravity,AMA,Ks,sidearea,keelarea,plside
24 real ac(2002),acv(2002),xx(2002Lyy(2002),tt(2002),rrr(2002)
25 real*8 m(4,4),cx(4,4),k(4,4),ko(4,4),crit2,crjt3
26 real*8 baseuide,basekeel, htside,htkeel
27 real*8 dtau, maxx, maxt. mexy, timex, timet
28 real*8 rfl, rf2,rf3,hfl,hf2,hf3,ampaoo,mass,ampacmax
29 real*8 kvs,kvk,kvkp,Ichs,khk,kshp,kkhp,kvsp,base, counter,time
30 rea1*8 timel, time2, time3, time4, time5, timeS, time7, timeS
31 real*8 x,t,y,xold,told,yold,XSCL(6)
32 real*8 bbb,ccc,w12,wl,w22,w2,w32,w3,model~made3
33 real*8 mmxl, mmangl, mmx3, mmang3, orit4, alpha, LLL
34 real*8 timey,mmmml,mmmmm2,mm3,ummm=4
35 real*8 R,S, TAU,A(6),B(6), C(S) ,D(6),E(6),F(6),G(6),HH(6)
36 real*8 br, amp,plkeel,ul,u2,XPRIM,VEL
37 real*8 KU1,KD1,khkb,QD1,XEL1,XMAX1,XMIN1,RR1, ZZ1,WZ1,VEL1
38 real*8 KU2,KD2,khsb,QD2,XEL2,XMAX2,XMIN2,RR2,ZZ2,WZ2,YPRIM1
39 real*8 KU3,KD3, kvsbl,QD3, YELl, YMAX1,YMIN1,RR3, ZZ3, WZ3,DELTA
40 real*8 KU4,KD4,kvsb2,YEL2,YMAX2,YMIN2,RR4,ZZ4,WZ4,YPRIM2,VEL2
41 real*8 KU5,KD5,kvkb,QD4,YEL3,Y4AX3,YMIN3,RR5, ZZ5,WZ5,YPRIM3
42 CHARACTER*40 DEC, DECV, quakname, hname, vname
43 character*40 sbfname, aclfname, outfname, vfnane
44
45
48
47 C READ IN VESSEL AND DRYDOCK DATA. VESSEL WEIGHT,KG,I(ABOUT KEEL),
48 C TIME INCREMENT OF DATA POINTS, VERTICAL STIFFNESS OF SIDE AND
49 C KEEL PIERS, HORIZONTAL STIFFNESS OF SIDE AND KEEL PIERS,
50 C GAVITATIONAL CONSTANT, SIDE BLOCK BASE AND HEIGHT,
51 C KEEL BLOCK BASE AND HEIGHT,
52 C BLOCK-BLOCK AND BLOCK-HULL FRICTION COEFFICIENTS,
53 C SIDE AND KEEL BLOCK'S PROPORTIONAL LIMIT,
54 C SIDE PIER-VESSEL CONTACT AREA,KEEL PIER-VESSEL CONTACT AREA,
55 C CAP BLOCK INCLINATION ANGLE.
56
57 C OPEN INPUT FILES AND READ DATA
58
59 write(*,'(a)') 'ENTER SHIP/BUILDUP FILE NAME
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3DOFRUB Pae. 2
03-11-88
18:50:34

D DLine# 1 7 Microsoft FORTRAN77 V3.20 02/84
80 read(*,'(a)') uhfname

62 open(4,file= sbfname,status='old',foru'lformatted')
63
64 read(4,*) weight~h,Ik,kvg,kvsp,lcvk,AM,.Ko
65 read(4,*) khu,khk,kshp,kkhpQD1,QD2,QD3,gravity
66 read(4, *) baseside, basek..l,htside,htkee1,ul,u2
67 read(4,*) br,plside,plkee.sidearea,keelarea,zeta '
68 read(4,*) hull,nsys,bet&,QD4,kvkp
69 CLOSE (4)
70
71 write (*,*) 'DO YOU WANT RESPONSE OUTPUT FILES? (Y OR N)'
72 read(*,'(a)') de
73 if (dec-eq.'Y'.or.dec-eq.'y') then
74 write(*,*) 'INPUT DESIRED RESISTANCE OUTPUT: (1,2,3,4,5)'
75 write(*,*) 'KEEL HORIZONTAL FORCE =1'
76 write(*,*) 'SIDE BLOCK HORIZONTAL FORCE =2'
77 write(*,*) 'LEFT SIDE BLOCK VERT FORCE = 3'
78 write(*,*) 'RIGHT SIDE BLOCK VERT FORCE =4'
79 write(*,*) 'KEEL BLOCK VERTICAL FORCE = 5'
80 read(*,*) decrr
81 endif
82
83 do 12,i1=1,3

1 84 do 13, j=1,3
2 85 m(i,j)=O.O
2 86 k(i,,j)=O.0
2 87 cx(i,j)=0.O
2 88 ko(i,j)0O.O
2 89 13 continue

1 90 12 continue
91
92
93 C CALCULATE SYSTEM PARAMETERS
94
95 masweight/gravity
96 LLLsqrt( (htside-htkeel)**2D+(br/2D)**2D0)I 97 alpha=asin( (htside-htkeel)/LLL)
98
99 m(11)=mass

100 m(1,3)=h*mass
101 m(2,2)=mass
102 m(3,1)=mass*h
103 m(3,3)=Ik

104 k(1, 1)=(2D0*Ks+2D0*khs+khk)

106 k(1,3)=(2D0*Ks*AAA+2D0*khs*LLL*sin(alpha))
107 k(3.1)=k(l,3)
108 k(2.2)(2D*kvs+cvk)
109 k(3, 3)=(2D0*Ks*AAA**2D0+2D0*khs*( (LLL*sin(alpha) )**2D0)+
110 + (2D0*kvs*((LLL*cos(alpha))**2D)-(weight*h)))

113 ko(3,1)=k(3,l)
114 ko(2,2)=k(2,2)
115 ko(3,3)=k(3,3)
116
117 C DETERMINE NATURAL FREQUENCIES OF SYSTEM

11 b=p(,)k33+(,)kl~)m13*(,)m31*(,)
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3DOFRUB Page 3
03-11-88

D Line* 1 7 Microsoft FORTRAN77 V3.20 02/84
l19 + /(m(l,l)*u(3,3)-m(l,3)*a(3,l))
120 cCc=(k(1,1)*k(3,3)-k(1,3)*k(3,1))/(m(1,1)*m(3.3)-,(1,3)*.(3,1))
121 C
122
123 C NATURAL FREQ. MODE #1
124
125 w12=(-bbb-uqrt(bbb**2-4D0*oco) )/2D0
126 v1~sqrt(wl2)
127
128 C NATURAL FREQ. MODE #2
129
130 w22=k(2,2)/m(2,2)
131 w2=sqrt(w22)
133 AUA RQ OE0
1323 AUA RQ OEP
134 w32=(-bbb+sqrt(bbb**2-4D0*coc) )/2D0
135 w3=sqrt(w32)
136
137 C MODE SHAPE $1 & 3
138

141 C DETERMINE C11,C13,C31,C33
142 mmxlm(1,1)+m(1,3)/model
143 umangl~model*m(3,1)+m(3,3)
144 mmx3=m(1,1).m(1,3)/mode3
145 mm"n3=mode3*m(3, 1)+m(3, 3)
148 mmmmml=2DO*zeta*mmxl*wl
147 mmmmm2=2D0*zeta*mmx3*w3
148 mumm3=2D0*zeta*mmangl*wl
149 immmm4=2D0*zeta*manr3*w3
150
151
152
153
154
155 cx(1,3)(mmumml-..mmm)/(l/model-1/mode3)
156 cx(l,l)=mmmmm1-Ccx(l,3)/model)
157 cx(2, 2)=2D0*zeta*m(2, 2)*w2
158 cx(3, 1V=(mm.m3-mmmmm4)/(model-mode3)
159 cx(3,3)=mmmmm3-(cx(3,l)*model)

160
161
162 C READ) IN ACCELERATION DATA
163

1. 164 CALL ACCLINPT( amp, ac,acv, dtau, quakname, hname, vname)
165
166 C ESTABLISH FAILURE CRITERIA AND FLAGS
167
168 crit2=min (ul,u2)
169 crit3= (6.6D-1*baseside-1.2D1)/htside
170 crit4=basekee1/(6DO*htkee1)
171 ampaoc=1DO
172 counter=0.O
173 ampacmax=O.O
174 10000 continue
175 write(*,*) ampacc
176 flagl=O
177 flag2=O
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JDOFRUB Pae 4
03-11-88
18: 50: 34

D Line# 1 7 Micosooft FORTRAN77 V3.20 02/84
178 flag3=0
179 flag4=0
180 flag5=0
181 flad8=O
182 flag7=0
183 flega=O
184 flegiOO0
185 maxoc=0.0
186 maxt=0.0
187 maxcy=O.0
188 .3=0
189 X=0.0
190 Y0.O0
191 t=0.0
192 xold=0.0
193 yold=O.O
194 told=O0
195 R=0.0
196 S=0.0
197 TAU=0.0
198
199 C INITIALIZING BILINEAR VARIABLES
200
201 C INITIALIZING DELTA
202
203 if (kvs.eq.kvsp) then
204 YEL1=0.0
205 elseif (kvs.rie.lcvsp) then
206 YEL1=QD3/(kvs-kvsp)
207 endif
206 if (kvk.eq.kvkp) then
209 YEL3=0.0
210 elseif (kvk.ne.kvkp) then
211 YEL3QD04/(cvk-kvkp)
212 endif
213 DELTAweight/ (2D0*kvu+kvk)
214 if (QD3.ge.0. 0.or.QD4.ge. 0.0) then
215 kvsblkvs
216 kvkbkvk
217 goto 100
218 endif
219 if (DELTA.lt.YEL3.and.DELTA.lt.YEL1) then
220 kvsblkvs
221 kvkbkvc
222 elseif (DELTA.ge.YEL3.or.DELTA.ge.YELX) then
223 kvsblkvsp
224 kvkbkvkp
225 DELTAYEL3+(weight-(YEL3*( 2D0*kvs+kvk) ) )/( 2D0*kvsp+kvkp)
226 endif
227
228 100 continue
229
230 C INITIALIZING KEEL HORIZONTAL STIFFNESS
231
232 KtUl=khk
233 KD1=kkkip
234 khkb=KU1
235 if (QDI .eq. 0.0) goto 101
236 KY1=O
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~flJ? U Page 5
03-11-88
16:50:34

D Line$1 7 Microsoft FORTRAN77 V3.20 02/84
237 XEL1=QD1/(KU1-KD1)
238 XMAXI=0.0
239 XM3N1=O.O
240 RR1=O.0
241 ZZ=O.0
242 WZ1=O.O
243 WWWl=O.0
244 YYY1=O.O
245 UUU1=O.0
246
247 101 continue
248
249 C INITIALIZING SIDE BLOCK HORIZONTAL STIFFNESS
250
251 KU2=khe
252 KD2=kshp
253 khsb=KU2
254 if (QD2 .eq. 0.0) goto 102
255 KY2=0
256 XEL2=QD2/(KU2-KD2)
257 XMAX2=0.O
258 XMIN2=O.O
259 RR2=0.0
260 ZZ2=O.O
261 WZ2=0.O
262 WWW2=0.0
263 YYY2=0.0
264 UUU2=O.0
265
266 102 continue
267
268 C INITIALIZING LEFT SIDE BLOCK VERTICAL STIFFNESS
269
270 KU3=kvs
271 KD3=kvsp
272 if (QI)3 .eq. 0.0) goto 103
273 KY3=0
274 YMAX1=0.0
275 YMIN1=0.0
276 RR3=kvsbl*DELTA
277 ZZ3=0.0
278 WZ3=0.0
279 WNW3=0.0
280 YYY3=0.0
281 UUU3=0.0
282
283 103 continue
284
285 C INITIALIZING RIGHT SIDE BLOCK VERTICAL STIFFNESS
286 KU4=kvs
287 KD4=kvsp
288 kvsb2=kvsbl
289 if (QD3 eq. 0.0) goto 104
290 KY4=0
291 YEL2=YEL1
292 YMAX2=0.0
293 YMIN2=0.0
294 RR4=kvsb2*DELTA
295 ZZ4=0.0
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296 WZ4=O.O
297 WWW4=O.O
298 YYY4=O.O
299 UUU4=O.0
300
301 104 continue
302
303 C INITIALIZING KEEL VERTICAL STIFFNESS
304
305 KU5=kvk
306 KD5=kvkp

307 if (QD4.eq.O.O) goto 105
308 KY5=0
309 YMAX3=O.O
310 YMIN3:0.O
311 RR5=kvkb*DELTA
312 ZZ5=0.0
313 WZ5=O.0
314 WWW5=0.O
315 YYY5=O.0
316 UUU5=O0,O
317
318 105 continue
319
320 C IMPLEMENTATION OF EQUATIONS OF MOTION INTO THE
321 C RUNGE-KUTTA FORMULUS
322
323 do 301,1=1,2000

1 324
1 325 C CALCULATE BILINEAR STIFFNESS AND RESISTANCE
1 326
1 327 C CALCULATE KEEL HORIZONTAL BILINEAR STIFFNESS
1 328
1 329 if (QD1 -eq. 0.0) goto 106
1 330
1 331 CALL BILINALL(x,S,khkb,RR1,KD1,QD1,KU1,XEL1,XMAX1,XIN1,
1 332 + KY1,ZZ1,WZ1,WWW1,YYY,UUU1)
1 333
1 334 106 continue
1 335
1 336 C CALCULATE SIDE BLOCK HORIZONTAL BILINEAR STIFFNESS
1 337
1 338 XPRIM=+x+LLL*t*sin(alpha)
1 339
1 340 if (QD2 .eq. 0.0) goto 107
1 341
1 342 VEL=+S+LLL*TAU*sin(alpha)
1 343
1 344 CALL BILINALL(XPRIM.VEL,khsb,RR2,KD2,QD2,KU2,XEL2,XAX2,XIN2,
1 345 + KY2,ZZ2,WZ2,WWW2,YYY2,UUU2)
1 346
1 347 107 continue
1 348
1 349 C CALCULATE LEFT SIDE BLOCK VERTICAL BILINEAR STIFFNESS
1 350

1 351 YPRIM1=-y-t*LLL*cos(alpha)+DELTA
1 352
1 353 if (QD3 eq. 0.0) goto 108
1 354 if (QD3 .gt. 0.0) then
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1 355
1 356 VEL1=-R-TAU*LLL*coo(alpha)
1 3571 358 CALL BILINALL(YPRIM1,VEL1,kvsbl,RR3,KD3,QD3,KU3,YEL1,YMAX1,

1 359 + YMIN1, KY3, ZZ3, WZ3, WW3, YYY3, UUU3 )
1 360
1 361 elseif (QD3 .It. 0.0) then
1 362
1 363 CALL RUBBER(YPRIM1,kvsbl,RR3,KD3,QD3,KU3,YELl)
1 364
1 365 endif
1 366
1 367 108 continue
1 368
1 369 C CALCULATE RIGHT SIDE BLOCK VERTICAL BILINEAR STIFFNESS
1 370
1 371 YPRIM2=-y+t*LLL*cos(alpha)+DELTA
1 372
1 373 if (QD3 eq. 0.0) goto 109
1 374 if (QD3 .gt. 0.0) then
1 375
1 376 VEL2=-R+TAU*LLL*cos(alpha)
1 377
1 378 CALL BILINALL(YPRIM2,VEL2,kvsb2,RR4,KD4,QD3,KU4,YEL2,YMAX2,
1 379 + YMIN2,KY4,ZZ4,WZ4,WWW4,YYY4,UUU4)
1 380
1 381 elseif (QD3 .1t. 0.0) then
1 382
1 383 CALL RUBBER(YPRIM2,kvsb2,RR4,KD4,QD3,KU4,YEL2)
1 384
1 385 endif
1 386
1 387 109 continue
1 388
1 389 C CALCULAT KEEL VERTICAL STIFFNESS
1 390
1 391 YPRIM3=-y+DELTA
1 392
1 393 if (QD4 .eq. 0.0) goto 110
1 394 if (QD4 .gt. 0.0) then
1 395
1 396 CALL BILINALL(YPRIM3,-R,kvkb,RR5,KD5,QD4,KUS,YEL3,YMAX3,
1 397 + YMIN3,KY5,ZZ5,WZ5,WWW5,YYY5,UUU5)
1 398
1 399 elseif (QD4 it. 0.0) then
1 400
1 401 CALL RUBBER(YPRIM3,kvkb,RR5,KD5.QD4,KU5.YEL3)
1 402
1 403 endif
1 404
1 405 110 continue
1 406
1 407
1 408 C RECALCULATION OF DELTA
1 409
1 410 if (QD3.ge.0.O.or.QD4.ge.0.0) then
1 411 DELTA=weight/(2D0*kvs+kvk)
1 412 goto 120
1 413 endif
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1 415 DELTA=weight/(2DOskvs+kvk)
1 414 :20 if (kvkb. q. lvk) then)

1 418 anif

1 43 +and.QD4. eq. 0. 0) goto Ill

1 45C RECALCULATION OF STIFFNESS MATRIX VALUES

1 427 k(1,1)=(2D0*Ku+2D*khb~khcb)
1 428 k(1, 3)=(2D*Ks*AAA+2D*khb*LLL*sin(alpha))
1 429 k(3,1)=k(1,3)P1 430 k(2,2V=(kvsbl+kvsb2+kvkb)

1 431 k(3, 3)=(2D0*Km*AAA**2D0+2D0*khsb*( (LLL*.in(alpha) )**2D0)+
1 432 + ((kvubl4kvub2)*((LLL*cos(alpha))**2D0)-(weight*h)))
1 433
1 434 111 DO 3000, 11=0,5
2 435 A(11)=O.O
2 436 B(11)=0.O
2 437 C(11)=0.O
2 438 D(11)=0.0
2 439 E(11)=O.O
2 440 F(11)=0.0
2 441 G(11)=0.O
2 442 HH(11)=O.0
2 443 3000 CONTINUE
1 444 mmmm+i
1 445 DO 302, NN=1,4
2 446 IF(NN.EQ.1) THEN
2 447 FF=O.O
2 448 ELSE IF (NN.EQ.2 OR. NN.EQ.3) THEN
2 449 FF=5D-1
2 450 ELSE IF (NN.EQ.4) THEN

2 451 FF=1D0
2 452 ENDIF
2 453 A(NN)=dtau*(R.FF*D(NN-1))

2 454 B(NN)=dtau*(S+FF*E(NN-1))
2 455 C(NN)=dtau*(TAU+FF*F(NN-1))
2 456 D(NN)=dtau*( (-cx(2, 2)/m(2, 2) )*(R+FF*D(NN-1) )-(k(2, 2)/m(2, 2))
2 457 +*(y+FF*A(NN-1))-eamp*a.mpacc*acv(1)/2.54D0)
2 458 G(NN)=dtau*((-cx(1,1)/m(1,1))*(S+FF*E(NN-1))-(cx(1,3)/m(, 1))
2 459 +*(TAU+FF*F(NN-1))-(k(1,1)/m(1,1))*(x+FF*B(NN-1))
2 460 +-(k(1,3)/m(l, 1))*(t+FF*C(NN-1))-arnpacc*ac(l)/2.54D0)

L2 461 HH(NN)=dtau*((-cx(3,3)/m(3,3))*(TAU+FF*F(NN-1))-(cx(3, 1)/m(3,3))
2 462 +*(S+FF*E(NN-1) )-(k(3, 3)/m(3, 3) )*(t+FF*C(NN-1) )+(m(3, 1)/m(3, 3))
2 463 +*( (-cx(2, 2)/m(2, 2) )*(R+FF*D(NN-1) )-(k(2, 2)/tn(2, 2) )*(y+FF*A(NN-
2 464 +1)))*(t+FF*C(NN-1))
2 465 *-(k(3,1)/m(3,3))*(x+FF*B(NN-1))
2 466 +-(m(3,1)/m(3,3))*ampacc*ac(1)/2.54D0)
2 467
2 468 E(NN)=(m(1,1)*m(3,3)*G(NN)-m(1,3)*m(3,3)*HH(NN))/
2 489 +(m(3,3)*m(l,l)-m(1,3)*m(3,1))
2 470 F(NN)=(HH(NN)-(m(3,1)/m(3,3))*E(NN))
2 471 302 continue
1 472
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1 473 C DETERMINING SYSTEM RESPONSE
1 474
1 475 yold~y
1 476 y~yold+(A(1)+2DO*A(2).a2DOA(3).A(4))/6DO
1 477
1 478 xold~x
1 479 x=xold+(B(1)+2D0*B(2)+2D0*B(3)+B(4))/6D0
1 480
1 481 told~t
1 482 t~told+(C(1)+2D0*C(2)+2D0*C(3)+C(4))/6D0
1 483
1 484 R=R.(D(1)+2D0*D(2)+2D0*D(3)+D(4))/6DO
1 485
1 486 S=S+(E(1)+2D0*E(2)+2D0*E(3)+E(4))/6D0
1 487
1 488 TAU=TAU+(F(1)+2D0*F(2)+2D0*F(3)+F(4))/6D0
1 489
1 490 C MAXIMUM VALUES FOR TRANSLATIONS AND ROTATION
1 491
1 492 if (abs(xold).gt.ab(m.mo)) then
1 493 timexdtau*(1-1)
1 494 maxx~xold
1 495 endif
1 496 if (abs(told).gt.abs(maxt)) then
1 497 timetdtau*(1-1)
1 498 maxt~told
1 499 endif
1 500 if (abs(yold).gt.abs(maxy)) then
1 501 timeydtau*(1-1)
1 502 max'=yold
1 503 endif
1 504
1 505 C CALCULATE VERTICAL AND HORIZONTAL FORCES CAUSED BY VESSEL,
1 506 C TEST FOR FAILURE
1 507
1 508 C CALCULATE FORCES ON SIDE/KEEL BLOCKS
1 509 if (QD3.eq.0.0) then
1 510 rfl1kvs*((weight/k(2,2))-yold-(LLL*oos(alpha))*told)
1 511 rf2=kvs*((weight/k(2,2))-yold+(LLL*cos(alpha))*told)
1 512 elseif (Qfl3.ne.0.0) then
1 513 rfl=RR3
1 514 rf2=RR4
1 515 endif
1 516
1 517 if (QD4.eq.0.0) then
1 518 rf3=kvk*((weight/k(2,2))-yold)
1 519 elseif (QD4.ne.0.0) then
1 520 rf3=RR5
1 121 endif
1 522
1 523 if (QD2.eq.0.0) then
1 524 hflzkhs*(xold+LLL*toldtsin(alpha))
1 525 hf2=khs*(xold+LLL*told*sin(alphe))
1 526 elseif (QD2.gt.0.0) then
1 527 hfl=RR2
1 528 hf2=RR2p1 529 endif
1 530
1 531 if (QD1.eq.0.O) then
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1 532 hf3=khk*(xold)
1 533 elseif (QD1.gt.0.0) then
1 534 hf3=RR1
1 535 endif
1 536
1 537 C TEST FOR SIDE BLOCK SLIDING
1 538
1 539 if (flagl.eq.1) then
1 540 go to 400
1 541 else if (hfl.lt.0.O.and.rfl.gt.0.0
1 542 + and. u1*rfl+hfl+u2*rfl*cos(beta)*sin(beta)
1 543 + -rfl*cos(beta)*sin(beta) .it. 0.0) then
1 544 timel= dtau*(1-l)
1 545 flagi=1
1 546 else if (hf2.gt..0.and.rf2.gt.0.0
1 547 + and. -ul*rf2+hf2-u2*rf2*(cos(beta)*sin(beta))
1 548 + +rf2*oos(beta)*sin(beta) .gt. 0.0) then
1 549 timel=dtau*(l-l)
1 550 flag1=1
1 551 endif
1 552 xlxold
1 553 yl=yold
1 554 tl=told
1 555 400 continue
1 556
1 557 C TEST FOR KEEL BLOCK SLIDING
1 558
1 559 f (flag2.eq.1) then
1 560 go to 410
1 561 else if (rf3.gt.O.O.and.abs(hf3/rf3).gt.crit

2 ) then

1 562 time2:dtau*(l-1)
1 563 flag2=1
1 564 endif
1 565 x2=xold
1 566 y2=yold
1 567 t2=told
1 568 410 continue
1 569 C TEST FOR SIDE BLOCK OVERTURNING
1 570
1 571 if (flag3.eq.1) then
1 572 go to 420
1 573 else if (hf1.1t.Q.O.and.rfl.gt.0.O.and.abs(hfl/rfl1.gt.crit

3 ) then

1 574 tirne3= dtau*(1-1)
1 575 flag3=1
1 576 else if (hf2.gt.O...and.rf2.gt.O.O,.and.abs(hf2/rf2).gt.crit

3 ) then

1 577 time3=dtau*(1-1)
578 flag3=1

1 579 endif
1 580 x3=xold
1 581 y3=yold
1 582 t3=told
1 583 420 continue
1 584
1 585 C TEST FOR KEEL BLOCK OVERTURNING
1 586
1 587 if (flag4.eq.1) then
I 588 go to 430
1 589 else if (rf3.gt.O.O. and.abs(hf3/rf3).gt.crit

4 ) then

1 590 time4=dtau*(1-l)
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1 591 flag4=1
1 592 endtf1 593 x4=xold
1 594 y4=yold
1 595 t4=told
1 596 430 continue1 597
1 598 C TEST FOR SIDE BLOCK LIFTOFF
1 599

1 I 600 if (flag5.eq.1) then
1 601 go to 440
1 602 else if (rfl.lt.O.0 or. rf2.1t.0.0) then
1 603 time5=dtau*(1-1)
1 604 flag5=1
1 605 endif
1 606 x5=xold
1 607 y5=yold
1 608 t5=told
1 609 440 continue
1 610
1 611 C TEST FOR KEEL BLOCK LIFTOFF
1 612
1 613 if (flag6.eq.1) then
1 614 go to 450
1 615 else if (rf3.1t.O.0) then
1 616 time6=dtau*(l-1)
1 617 flag6=1
1 618 end'f
1 619 x6=xold
1 620 y6=yold

t6=told
1 622 450 continue
1 623
1 624 C TEST FOR SIDE BLOCK CRUSHING
1 625
1 626 if (flag7.eq.1) then
1 627 go to 460
1 628 else if (rfl.gt.0.O and. (rfl/sidearea).gt.plside) then
1 629 flag7=1
1 630 time7=dtau*(1-1)
1 631
1 632 else if (rf2.gt.O.O and. (rf2/sidearea).gt.plside) then
1 633 flag7=1
1 634 time7=dtau*(1-1)
1 635 endif
1 636 x7=xold
1 637 y7=yold
1 638 t7=told
1 639 460 continue
1 640
1 641 C TEST FOR KEEL BLOCK CRUSHING
1 642
1 643 if (flag8.eq.1) then
1 644 go to 470
1 645 else ;f (rf3.gt.O.0 and. (rf3/keelarea).gt.plkeel) then
1 646 flag8=1
1 647 timeB=dtau*(1-1)
1 648 endif
1 649 x8=xold
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1 650 Y8=yold
1 651 t8=told
1 852 470 continue
1 653
1 654 C CAPTURE OF DISPLACEMENT, ROTATION & RESISTANCE OUTPUt:
1 655
1 656 if (dec.ne.'Y'.and.dec.ne.'y') goto 301
1 657 xx(mm)=xold
1 658 tt(mm)=told
1 659 goto (501,502,503,504,505),decrr
1 660 501 if (QD1.eq.O.O) then
1 661 rrr(mm)=hf3
1 662 elseif (QD1.gt.0.0) then
1 663 rrr(mm)=RR1
1 864 endif
1 665 yy(mm)=yold
1 666 goto 506
1 667 502 if (QD2.eq.0.0) then
1 668 rrr(mm)=hfl
1 669 elseif (QD2.gt.0.0) then
1 670 rrr(mm)=RR2
1 671 xx(mm)=XPRIM
1 672 endif
1 673 yy(mm)=yold
1 674 goto 506
1 675 503 if (QD3.eq.O.0) then
1 676 rrr(mm)=rfl
1 677 elseif (QD3.ne.0.0) then
1 678 rrr(mm)=RR3
1 679 endif
1 680 yy(mm)=YPRIM1
1 681 goto 506
1 682 504 if (QD3.eqo0.O) then
1 683 rrr(mm)=rf2
1 684 elseif (QD3.ne.0.0) then
1 685 rrr(mm)=RR4
1 686 endif
1 687 yy(mm)=YPRIM2
1 688 goto 506
1 689 505 if (QD4.eq.0.0) then
1 690 rrr(mm)=rf3
1 691 elseif (QD4.ne.0.0) then
1 692 rrr(mm)=RR5
1 693 endif
1 694 yy(mm)=YPRIM3
1 695
1 696 506 continue
1 697
1 698 301 continue

699
700 go to 999
701
702 60000 continue
703 if(dec.ne.'Y'.and.dec.ne.'y') then
704 write(*.'(A)') ' I AM FINISHING,
705 goto 20000
706 endif
707
708 C CREATION OF DISPLACEMENT, ROTATION, & RESISTANCE OUTPUT FILES:
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709
710 CALL RESPALL(,oc,yy,tt,rrr,dtau)
711
712 998 go to 20000
713
714 999 CONTINUE
715
718 if(ampacc.eq.lDO) then
717
718 write(*,'(a)') ' ENTER OUTPUT FILENAME
719 read(*,'(a)') outfname
720 open(46, fjleoutfname, status='new' ,form='formatted')
721
722
723 write(46,4000 ) nsys
724 4000 format(lx,/,28x, '**** System ',12,lx, '****')
725 write(46,405O) hull
726 4050 format(lx,/,3Ox, '** Hull ',13,lx, '**')
727 write(46,4100 )
728 4100 format(lx,//,28x,'* Ship Parameters V')
729 write(46,4150 )
730 4150 format(lx,/,5x,'Weight',8x, 'Moment of Inertia',9x,'K.G.')
731 write(46,4 200 ) weight,Ik,h
732 4200 format(lx,f9. 1,lx, 'kips', lx, fil. ,lx, 'kjps-in-sec2',
733 +3x,f6.1,1X,'ils')
734 write(46, 4250)
735 4250 format(lx,//,26x, '* Drydock Parameters V')
736 write(46,4300)
737 4300 format(lx,/,lx,'Side Block Height',3x,'Side Block Width',
738 +3x,'Keel Block Height',3x,'EKeel Block Width')
739 write(46,435O) htside,baseside,htkeel,basekeel
740 4350 format(2x,f6.1,lx,'ins',1lx,f8.1,lx,'ils',11x,f

6 .1 ,lx,'il5',

741 +9x,f6.1,lx,'iris')
742 write(46,4400 )
743 4400 format(lx,/,lx,'Side-to-Side Pier Distance',3x,'Wale Shore Ht.'
744 + ,3x,'Wale Shore Stiffness',2x,'Cap Angle')
745 write(46,445O) br,AAA,Ks,beta
746 4450 format(lx,t7,f6.1,lx,'jns',17x,f6.1,lx,'ifls',8x~fe.llx
747 + 'kips/in',lx~f5.3,1x,'rad')
748 write(46,4470 )
749 4470 format(lx,/, ' lSide Side Pier Contact Area'
750 +,3x,'Total Keel Pier Contact Area',6X,'kkhp')
751 write(46,4475) sidearea,keelarea,kkhp
752 4475 format(lx,8x,fll.l,1x,'ifl2',14x,tll.l,lx,'ifl2',10x~f

7 .lx,
753 + 'kips/ira')
754 write(46,4500 )
755 4500 format(lx,/,lx,'B/B Friction Coeff',3x,
756 +'H/B Friction Coeff',5x,'kshp',l0x,'kvsp')
757 write(46, 455O) ul,u2,kshp,kvsp
758 4550 format(6x,f7.3,13x,f7.3,7x,f7.1lx,'kips/il',lx~f.tllx,
759 + 'kips/in')

780 wrjte(46,4600 )
761 4600 format(lx,/,lx,'Side Pier Fail Stress Limit',4x,'Keel Pier'

762 +,1' Fail Stress Limit',6x, 'kvkp')
763 write(46,465O) plside,plkeel,kvkP
764 4650 format(lx,10x,f7.3,lX, 'kips/in2'15x,f7.3,lx, 'kips/in2',
765 + 6x,f7.1,lx,'kips/il')
766 write(46,47OO)
767 4700 format(lx,/,lx,'Side Pier Vertical Stiffness',3x,'Side Pier',
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768 ' Horizontal Stiffness')
769 write(48,4750) kvs,khs
770 4750 format(1x,3x,fll.l,lx,'kips/in',llx,:fll.l,lx.'kips/in')
771 write(46,4775)
772 4775 foruat(lx,/,1x,'Kee1 Pier Vertical Stiffnesu',3x,I773 +'Keel Pier Horizontal Stiffness')
774 write(46,478O) kvk,khk
775 4780 format(lx,3x,fll.1.1x,'kips/in',llx,f11.l,lx,lkips/in')
778 write( 48,4782)
777 4782 format(lx,/,6x,'Qfl1',17x,'QD2',18x,'QD3',17x,'QD4')
778 write(46,4785) QDi,QD2,QD3,QD4
779 4785 format(2x,f8.l,lx,'kips',7x,f8.1,lx,'kips',8x,f8.1,lx,'kips',
780 +7x, f8. 1,Ix, 'kips')I781 write(46,480 0)
782 4800 format(lx,//,20x,'* System Parameters and Inputs '
783 write(46,4850) quakname
784 4850 format(lx,/,lx,'Earthquake Used is ',A40)
785 write(46, 4852) hname
786 4852 format(lx,/,lx,'Horizontal acceleration input is ',A40)
787 write(46,4854) vname
788 4854 format(lx,/,lx,'Vertical acceleration input is ',A40)
789 write(46,4875)
790 4875 format(lx,20x,' Earthquake Acceleration Time History.')
791
792 write(46, 4995)
793 4995 format(lx,/,Ix,'Vertical/Horizontal Ground Acceleration Ratio'
794 +,3x,'Data Time Increment')
795 write(46,4990) eamp,dtau
798 4990 format(lx,10x,f6.3,t55,f6.3,1X,'sec')
797 write(46, 4900)
798 4900 format(lx,/,lx,'Gravitational Constant',3x,'% System Damping')
799 write(46, 4950) gravity, zeta*100.
800 4950 format(lx,7x,f6.2,lx,'in/sec2',10x,f6.2,lx,'%')
801 write(46, 5000)
802 5000 format(lx,/.25x, 'Mass Matrix',/)
803 do 5100 i=1,3

1 804 write(46,5050) m(i,1),m(i,2),m(i,3)
1 805 5050 format(lx,f15.4,5x,fiS.4,5x,fl5.4)
1 806 5100 continue

807 write(46, 5200)
808 5200 format(lx,/,25x, 'Damping Matrix',!)
809 do 5300 i=1,3

1 810 write(46,5250) cx(i,l),cx(i,2),cx(i,3)
1 811 5250 format(lx,fl5.4,5x,fl5.4,5x,fl5.4)

p1 812 5300 continue
813 write(48,5400)
814 5400 format(lx,/,25x,'Stiffness Matrix',/)
815 do 5500 i=1,3

1 816 write(46,545O) ko(i,1),ko(i,2),ko(i,3)
1 817 5450 format(lx,fl5.4,5x,fl5.4,5x~fl5.4)
1 818 5500 continue

819 write(46,5700)
3820 5700 format(lx,//)

821 WRITE(46,6000)
822 6000 FORMAT(lX,'Undamped Natural Frequencies',t35,'Mode #1l',t5O,
823 +'Mode 02',t65,'Mode 03')
824 write(46,6001) wl,w3,w2
825 6001 format(lx~t3l,f7.3,lx,'rad/sec',t46,f7.3,lx,'rad/s5c',t

2,f7 .3 ,
826 +' rad/sec')
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827 WRITE(46,6002)
828 6002 FORMAT(IX,'Damped Natural Frequencies',t35, 'Mode 81',t50,
829 +'Mode 02',t65,'Mode #3')
830 RITE(46,6500) wl*sqrt(1-zeta**2),w3*sqrt(1-zeta**2),
831 +w2*sqrt(1-zeta**2)
832 6500 format(lx,t31,fT.3,1x,'rad/sec',t46,f7.3,lx,'rad/ec',t62,f7.3,
833 +' rad/sec')
834 endif
835
836 write(46,10500) ampacc*10,quakname
837 10500 format(lx,///,lx,'For Earthquake Acceleration of ',f6.2,' %
838 +,'of the ',A40,/)
839
840 write(46,25000)
841 25000 format(lx,'Maximums/Failures',t26,'X (ins)',t36,'Y (ins)',t51,
842 +'Theta (rads)',t65,'Time (sec)')
843 write(46,25001)
844 25001 format(lx, ',-------- t25, ' ',t35, ------ ',t50.
845 '----------------- ',t64,' ----------- )
846 write (46,310) maxx,timex
847 310 format (lx,' Maximum X',t25,f9.6,t65,f5.2)
848 write (46,311) maxy,timey
849 311 format (lx,' Maximum Y',t35,f9.6,t65,f5.2)
850 write (46,312) maxt,timet
851 312 format (lx,' Maximum Rotation',t50,f9.6,t65,fS.2)
852
853 if (flagl.eq.1) then
854 flaglO=flagl0+1
855 write (46,313) xl,yl,tl,timel
856 313 format (lx,'Side block sliding' ,t25,f9.6,t35,f9.6,t50,f9.6,
857 +t65,fS.2)
858
859 endif
860
861 if (flag2.eq.1) then
862 flaglO=flaglO+l
863 write (46,314) x2,y2,t2,time2
864 314 format (lx,'Keel block sliding' ,t25,f9.6,t35,f9.6,t5O,f9.6,
865 +t65,fS.2)
866 endif
867
868 if (fkg3.eq.1) then
869 flaglO=flaglO+l
870 write (46,315) x3,y3,t3,time3
871 315 format (lx,'Side block overturning' ,t25,f9.6,t35,f9.6,t50,f9.6,
872 +t65,f5.2)
873 endif
874
875 if (flag4.eq.l) then
876 flag1O=flaglO+l
877 write (46,316) x4,y4,t4,time4
878 316 format (lx,'Keel block overturning' ,t25,f9.6,t35,f9.6,t5O,f9.6,
879 +t65,f5.2)
880 endif
881
882 if (flagS.eq.1) then
883 flaglO=flaglO+l
884 write (46,317) x5,y5,tS,time5
885 317 format (lx,'Side block liftoff' ,t25,f9.6,t35,f9.6,t5of9.6,
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888 +t65,f5.2)
887 endif
888
8a9 if (flag6.eq.1) then
890 flaglo=flaglO+1
891 write (46,318) x6,y6,t6,tiae6
892 318 format (1x,'Keel block liftoff' ,t25,fg.6,t35,fg.6,t5O,fg.6,
893 .t65,f5.2)
894 endif
895
896 if (flag7.eq.l) then
897 fleg10~flagl0+1
898 write (46,319) x?,y7,t7,time7
899 319 format (lx,'Side block crushing' ,t25,fg.6,t35,fg.6,t5O~fg.6,
900 +t65,f5.2)
901 endif
902
903 if (flag8.eq.l) then
904 flaglo=flaglo+l
905 write (46,320) x8,yB,t6,time8
906 320 format (lx,'Keel block crushing' ,t25,f9.6,t35,f9.6,t50,f9.6,
907 .t65,f5.2)
908 endif
909
910 if(flaglO.eq.0) then
911 write(46, 11000)
912 11000 format(lx,/,lx,'No failures occurred.')
913 if(counter.eq.1.0 and. flaglOeq.0) then
914 go to 60000
915 endif
916 if(counter.eq.0.0) then
917 ampacmax~ampacc
918 ampacc~ampacc+lD-1
919 counterl1.0
920 write(*,'(A)') ' In secondary looping stage.
921 endif
922 endif
923 if(ampacc.le.ampacmax) go to 20000
924 if(counter.eq.l.0) then
925 ampaccampacc-1D-2
926 else if(counter.eq.0.0) then
927 ampacc=ampacc-lD-1
928 endif
929 go to 10000
930 20000 continue
931 stop
932 end

Name Type Offset P Class

A REAL*B 48946
AAA REAL*8 49082
ABS INTRINSIC
AC REAL 32882

SACLFNA CHAR*40
ACV REAL 40890
ALPHA REAL*8 49344
AMP REAL*8 49496
AHPACC REAL*8 49656
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AMPACH REAL*8 49872
ASIN INTRINSIC

B EAL*8 48898
BASE REAL*8
BASEKE REAL*8 49170
BASESI REAL*8 49162
BB REAL*8 49352
BETA REA.L*8 49258
BR REAL*8 49210
C REAL*O 32834
CCC REAL*8 49360
Cos INTRINSIC
COUNTE REAL*8 49664
CRIT2 REAL*8 49632
CRIT3 REAL*8 49640
CRIT4 REAL*8 49648
Cx REAL*6 32658
D REAL*8 32786
DEC CHAj*40 49282
DECRE INTEGER*2 49322

- -DECV CHAR*40
DELTA REAL*8 49812
DTAU REAL*8 49504
E REAL*8 32562
F REAL*8 32610
FF REAL 50266
FLAG1 INTEGER*2 49680
FLAG10 INTEGER*2 49696
FLAG2 INTEGER*2 49682
FLAG3 INTEGER*2 49684
FL.AG4 INTEGER*2 49686
FLAG5 INTEGER*2 '-49688

FLAG6 INTEGER*2 49690
FLAG7 INTEGER*2 49692
FLAG8 INTEGER*2 49694
G REAL*8 32514
GRAVIT REAL*8 49154
H REAL*8 49042
HFI REAL*B 50318
HF2 REAL*8 50326
HF3 REAL*8 50334
HH REAL*8 32466
HNAME CHAR*40 49552
HTKEEL REAL*8 49186
HTSIDE REAL*8 49178
HULL INTEGER*2 49254
I INTEGER*2 49324
1K REAL*8 49050
J INTEGER*2 49326
K REAL*8 32338
KD1 REAL*B 49844
Kfl2 REAL*8 49924
KD3 REAL*8 50004
KD4 REAL*8 50068
KD15 REAL*8 50148
KEELAR REAL*8 49242
KHK REAL*8 49106
KHKB REAL*8 49852
KHS REAL*8 49098

18S



03-11-88
16: 50: 34

D Li-ne$1 7 Microsoft FORTRAN477 V3.20 02/84
KHSB REAL*S 49932
KKHP REAL*8 49122
KO REAL*8 32210
KS REAL*8 49090
KSHP REAL*8 49114
KU1 REAL*S 49836
KU2 REAL*8 49916

KU3 REAL*S 49996
KU4 REAL*8 50060
KU5 REAL*S 50140
KVK REAL*8 49074
KVKB REAL*8 49828
KVKP REAL*8 49274
KVS REAL*8 49058
KVSB1 REAL*8 49e20
KVSB2 REAL*8 50076
KVSP R.EAI*8 49066
KY1 INTEGER*2 49860
KY2 INTEGER*2 49940
KY3 INTEGER*2 50012
KY4 INTEGER*2 50084
KY5 INTEGER*2 50156
L INTEGER*2 50204
LL INTEGER*2 50262
LLL REAL*O 49336
M REAL*8 32082
MASS REAL*8 49328
MAXT REAL*6 4976
MAXT REAL*S 49768
MAXY REAL*8 49714
MIN INTRINSIC

MM flTEGER*2 49722
t4MANG1 REAL*8 49440
I4MANG3 REAL*8 49456
MMMMM1 REAL*8 49464
bOOO4M2 REAL*8 49472
10443 REAL*8 49480

141441414 REAL*8 49488
104Xl REAL*8 49432
M41X3 REAL*8 49448
MODEI REAL*8 49416
140DE3 REAL*8 49424
N INTEGER*2
NN INrEGER*2 50264
NSYS INTEGER*2 49256
OUTFNA CHAR*40 50502
PLKEEL REAL*8 49226
PLSIDE REAL*8 49218
Qfl1 REA-L*8 49130
QD2 REAL*8 49138
QD3 REAL*8 49146
QD4 REALSB 49266
QUAKNA CHAR*40 49512
R REAL*8 49772
RF1 REAL*8 50294
RF2 REAL*8 50302
RF3 REAL*8 50310
Ru1 REAI*8 49866
RR2 REAL*8 49966

3DOFRUB Page 19
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RR3 REAL*8 50030
RR4 REAL*8 50110
RR5 REAL*8 50174
RRR REAL 24074
S REAL*8 49780
SBFNAM CHAR*40 48994

SIDEAR REAL*8 49234
SIN INTRINSIC
SQRT INTRINSIC
T REAL*8 49740
Ti REAL 50358
T2 REAL 50378
T3 REAL 50398
T4 REAL 50418
T5 REAL 50438
T6 REAL 50458
T7 REAL 50478
T8 REAL 50498
TAU REAL*8 49788
TIME REAL*8
TIME1 REAL*8 50342
TIME2 REAL*8 50362
TIME3 REAL*8 50382
TIME4 REAL*8 50402
TIME5 REAL*8 50422
TIME6 REAL*8 50442
TIME7 REAL*8 50462
TIME8 REAL*8 50482
TIMET REAL*8 50278
TIMEX REAL*8 50270
TIEY REAL*8 50286
TOLD REAL*8 49764
TT REAL 16066
Ul REAL*8 49194
U2 REAL*8 49202
UUUl INTEGER*2 49914
UUU2 INTEGER*2 49994
UUU3 INTEGER*2 50058
UUU4 INTEGER*2 50138
UUU5 INTEGER*2 50202
VEL REAL*8 50214
VELI REAL*8 50230
VEL2 REAL*8 50246
VFNAME CHAR*40
VNAME CHAR*40 49592

Wl REAL*8 49376
W12 REAL*8 49368

W2 REAL*8 49392
W22 REAL*8 49384
W3 REAL*8 49408
W32 REAL*8 49400
WEIGHT REAL*8 49034
WWW1 INTEGER*2 49910
WWW2 INTEGER*2 49990
WWW3 INTEGER*2 50054
WWW4 INTEGER*2 50134
WWW5 INTEGER*2 50198
WZi REAL*8 49902
WZ2 REAL*8 49982

3DOFRUB 
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WZ3 REAL*8 50046
WZ4 REAL*8 50126
WZ5 REAL*8 50190
X REAL*8 49724
Xl REAL 50350
X2 REAL 50370
X3 REAL 50390
X4 REAL 50410
X5 REAL 50430
X6 REAL 50450
X7 REAL 50470
X8 REAL 50490
XEL1 REAL*8 49862
XEL2 REAL*8 49942
XMAX1 REAL*8 49870
XMAX2 REAL*8 49950
XMIN1 REAL*8 49878
XMIN2 REAL*8 49958
XOLD REAL*8 49748
XPRIM REAL*8 50.06
XSCL REAL*8 16018
XX REAL 2
y REAL*8 49732
Y1 REAL 50354
Y2 REAL 50374
Y3 REAL 50394
Y4 REAL 50414
Y5 REAL 50434
Y6 REAL 50454
Y7 REAL 50474
Y8 REAL 50494
YELl REAL*8 49796
YEL2 REAL*8 50086
YEL3 REAL*8 49804
YMAXI REAL*8 50014
YMAX2 REAL*8 50094
YMAX3 REAL*8 50158
YMIN1 REAL*8 50022
YMIN2 REAL*8 50102
YMIN3 REAL*8 50166
YOLD REAL*8 49756
YPRIM1 REAL*8 50222
YPRIM2 REAL*8 50238
YPRIM3 REAL*8 50254
YY REAL 8010
YYYI INTEGER*2 49912
YYY2 INTEGER*2 49992
YYY3 INTEGER*2 50056
YYY4 INTEGER*2 50136
YYY5 INTEGER*2 50200
ZETA REAL 49250
ZZ1 REAL*8 49894
ZZ2 REAL*8 49974
ZZ3 REAL*8 50038
ZZ4 REAL*8 50118
ZZ5 REAL*8 50182
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Name Type Size Class

ACCLIN SUBROUTINE
BILINA SUBROUTINE
MAIN PROGRAM
RESPAL SUBROUTINE
RUBBER SUBROUTINE

Pass One No Errors Detected
932 Source Lines
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1

2 Stitle: 'acclinpt'
3 Sstorage: 2
4 Snofloatcalls
5
6
7C ------------------------------
8
9 C SUBROUTINE WHICH PROMPTS FOR AND READS IN HORIZONTAL

to C AND VERTICAL ACCELERATION TIME HISTORY FILES
11 C AND THE TIME STEP AND EARTHQUAKE NAME
12

13 C -----------------------------------------------------------------
14
15 SUBROUTINE ACCLINPTiamp,acacv.dtau,quaknaae,hname,vname)
16 integer n
17 real ac(2002),acv(2002)
18 real*8 amp,dtaudtauh.dtauv
19 character'40 aclfnaue,vfname,decvquaknamehnamevname
20 character'40 hquaknam,vquaknam
21

22 C READ IN ACCELERATION DATA

24 C HOKZONTAL ACCELERATION
25 700 write(*,'(a)') ENTER HORIZONTAL ACCELERATION FILE NAME...'
26 read(#,'(a)') aclfname
27 open(44,file:aclfname,status:'old',fora='foruatted')
28 write(*,'ia)') ' READING HORIZONTAL ACCELERATiON FILE...'p29 read(44,'ia)') houaknam
30 read(44,'(a)'! hnase
31 read(44,'(f9.4)') dtauh
-2 do 300,n=1,2000

I .. read i44,*) ac(n!

3 4 -,. continue
35

36 C VERTICAL ACCELERATION
37 307 write(#'(a)') WILL YOU USE A VERTICAL ACCELERATION FILE?
38 write(*,la)') (YIN)
39 read(*,aW') decv
40 if (decv.ea.'Y') then
41 writei#,'(a)') ' ENTER VERTICAL ACCELERATION FILE NAME...'
42 read(#,'(a)') vfname
43 open(45,ilezvfname.status='old',form='ormatted')
44 Nrite(*,'(a)-j ' READING VERTICAL ACCELERATION FILE...'
45 amp=1.O
46 read(45,'(a)') vquaknam
47 read(45,'(a)'' vnaoe
48 read(45,if9.4W! dtauv
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49 if (dtauh .ne. dtauv .or. vquaknam .ne. hquaknas) then
50 write(*,'(a)') ' INCOMPATIBLE ACCELERATION FILES

51 write,'(a') ' REINPUT COMPATIBLE FILES

52 goto 700
53 endif
54 do 305,n=I,2000

1 55 read (45,f) acv(n)

1 56 305 coatinue
57 endif

58
59 if (decv.ea.'N') then

60 do 306,n=1,2000
1 61 acv(n):ac(n)

1 62 306 continue
63 writeC','(a)') ' INPUT DESIRED VERTIHORZ ACCEL RATIO:

64 read(*j) asp
65 endif

66
67 if (decv.ne.'Y' .and. decv.ne.'N') then
68 write(f,'(a)') TRY AGAIN

69 goto 307
70 endif
71

72 quakname=hquaknas
73 dtau=dtauh
74 CLOSE (44)
75 CLOSE (45)
76

77 RETURN
78 END

Name Type Offset P Class

AC REAL 4 f
ACLFNA CHAR*40 2
ACY REAL 8 *
AMP REAL*S 0 #

DECV CHAR'40 92

DTAU REAL'S 12 4

DTAUH REAL'8 82

DTAUV REAL'S 212

HNANE CHAR#40 20 *

HQUAKN CHAR'40 42
N INTEGER*2 90

QUAKNA CHAR'40 16 f
VFNAME CHAR*40 132

VNAME CHAR440 24 f

VQUAKN CHAR'40 172
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1 $debug

2 $title: 'bilinaill'
3 Sstorage: 2

4 $nofloatcalls
5
6
7C -----------------------------------------------------------------
8

9 C SUBROUTINE WHICH CALCULATES THE BILINEAR HORIZONTAL

1o C OR VERTICAL STIFFNESS AND RESISTANCE
11
12 C -----------------------------------------------------------------
13
14 SUBROUTINE BILINALL(UVP .oRRKDQD.KUUELUMAI,UMINKYZZNZ,
15 + WWW,YYY,UUU)
16
17 reai*8 U,V,RR.KD.QDKU.UELPK
18 reiltS UMAX,UMIN,ZZWZ

19 integer WWNYYYUUU,KY
20

21 C BEGINNINS OF BILINEAR LOSIC
22
2 C CHECK IF RESPONSE STILL ON INITIAL ELASTIC LINE
24
25 if (KY ,It. 0) goto 4040
26 if (KY .gt. 0) Goto 3480
27 RP=KU#U
28 PK=KU
29

30 C CHECK IF THE RESPONSE HAS 6ONE PLASTIC

31
32 if (U .qt. -UEL .and. U It. UEL) goto 4720
33
34 C RESPONSE IS NOW PLASTIC
35

36 if (U .It. -UEL) qoto 4040
37
38 C RESFONSE IS ON THE TOP PLASTIC LINE
39
40 3220 KY=l
41 PK:KD

42 RR=KD*U+QD
43 WWW:0
44 YYY=O

45 ZZ0:.O
46 goto 4720

47
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48 C CHECK IF VELOCITY SHIFTS FROM POSITIVE TO NEGATIVE

49

50 3480 if (V .9t. 0) goto 3720

5)

52 C CHECK IF ON THE RIGHT ELASTIC LINE

53
54 if (YYY .9t. 0) qoto 3630
55

56 C CALCULATE VALUE OF UMAX
57

58 ZZ=U

59 360 YYY:I

60 UmAX:ZZ
61

62 C CHECK IF RESPONSE SHIFTS TO LOWER PLASTIC LINE

63
64 3720 if (U ,it. (UMAX-2EUEL)) goto 4040

65

66 C CHECK IF RESPONSE SHIFTS TO TOP PLASTIC LINE

67
68 if (U .qt. UMAX) goto 3"

69
70 C CHECK IF RESPONSE RETURNS TO TOP PLASTIC LINE
71
7o if (YYY .eq. 0) goto 3220
73

74 C RESPONSE IS ON THE RIGHT ELASTIC LINE
75

76 KY=I
77 PK:KU

79 RR:KUIU+(KD-KU)#UMAX+QD

79 qato 4720
80

81 C CHECK IF VELOCITY SHIFTS TO POSITIVE
82

83 4040 if (v ,9t. 01 goto 4350

84
85 C CHECK IF RESPONSE REMAINS ELASTIC

86
87 if (WWW .eq. 1) goto 4350
B8

99 C RESPONSE IS ON THE BOTTOM PLASTIC LINE

90
91 4150 KY:-)
912 PK=KO

93 RR:KDIU-QD
94 UUU=,
95 N7=0.0
96 goto 4720
97
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98 C CHECK IF RESPONSE IS ON THE LEFT ELASTIC LINE
99
100 4350 if WUU .9t. 0) goto 43470
101 wZ:U
102' 4370 UUU:1
103! UMIN=WZ
104
105 C CHECK IF RESPONSE RETURNS TO TOP PLASTIC LINE
106
107 if (U q9t. (UMIN+2#UEL)) goto 3220
105
109 C CHECK IF RESPONSE RETURNS TO BOTTOM PLASTIC LINE
I10
III if (U .It. UMIN) goto 4150

113 C RESPONSE IS ON THE LEFT ELASTIC LINE
114
115 WWN=1
116 RR=KU§U+(KD-KU)tUMIN-CD
117 PK=KU
118

119 47240 continue
120 RETURN
121 END

Name Type Offset P Class

KD REAL'S 16 #
KU REALIS 24 *
KY INTEGER' 40
PK REAL'S 8 #
QD REAL'S 0
RR REAL'S 12l §
U REAL'S 0 4

UEL REAL#S 28 *
UMAX REAL'S 32 #
UMIN REALIS 36
UUU INTEGER#,! 60 #
v REAL'S 4 #
W INTEGER0, 52
NZ REAL'S 48#
YYY INTESER#'2 564
Uz REAL'S 44 f

Name Type Saze Class

BILINA SUBROUTINE

Pass One No Errors Detected
12ll Source Lines
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D Linel 1 7 Microsoft FORTRAN77 V3.20 02184
I $debug
2 Stitle: 'rubber'
3 Snofloatcalls

4
5
6C ----------------------------------------------------------------
7
8 C SUBROUTINE NHICH CALCULATES THE RUBBER CAP VERTICAL
9 C STIFFNESS AND RESISTANCE
10
11 C -----------------------------------------------------------------
12
v3 SUBROUTINE RUBBER(U,PK,RRJD,QDKU,UEL)
14

15 reallB U.RRKD,QD.KUUEL.PK
16
17 C BE6INNIN6 OF RUBBER LO6IC
18
19 C CHECK IF RESPONSE STILL ON INITIAL ELASTIC LINE

20
21 if (U .Qt. UEL) goto 3220

2 ,nRR:KUfU23 PK=KU

24 goto 4720
25

26 C RESPONSE IS ON THE 2ND ELASTIC LINE
27
28 L220 continue

29 PKzk0
30 RR=KDfU+QD
31
32 4720 continue
33 RETURN
34 END

Name Type Offset P Class

KD REALIB 12 j

KU REALIB 2O #
PK REALeB 4 1

o0 REAL8 16 #

RR REALB 8 *

U REAL'8 0 #

UEL REALeB 24 j
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1

2 Stitle: 'RESPALL'
3 $storage: 2

4 Inafloatcalls
5

6
7 C ------------------------------------------------------
8
9 C SUBROUTINE WHICH CREATES VERTICAL, ROTATIONAL,

10 C HORIZONTAL DISPLACEMENT AND DESIGNATED
11 C RESISTANCE OUTPUT FILES
12

14
15 SUBROUTINE RESPALL(xx,yytt,rrr~dtau)
16 real xx(2002) .tt (20021),yy(2002),rrr(2002)
17 real'8 dtau,tise
18 character'40 xnaee,ynaae,tnaae,rrnaae

19 inteqer n
20

21 C CREATION OF DISPLACEMENT & ROTATION OUTPUT FILES:

23 rite(#,'(a)') ' ENTER X OUTPUT FILE NAME...'

24 read(','(a)') xname
2. ooen(47,jilecxnae,status='ne',form'foreatted')
26
27 write(','(a)) ' ENTER Y DISPL OUTPUT FILE NAME...'
28 read(#,'(a)') ynase
29 open(48.file:ynae,statust'new',form:'formatted')
30

32 writei#,'(a)') ' ENTER THETA OUTPUT FILE NAME...'
32 readif,'(a)') tnase

ooeni49,fileztnaae,statusz'new',fors='foreatted')
34

35 writel*,'a)') ' ENTER RESISTANCE OUTPUT FILE NAME...'
36 read(#,'(a)') rrname
37 open(41,file:rrnase,status='ne',for.:'forsatted'I
38

39
40 do 306,n=1,2000

1 41 tieezdtaut(n-1)
1 42 write(47,7000) timexx(n)

1 43 7000 format(f7.3,10xe03.6)
1 44
1 45 write34B,7010) tise,yv(n)
1 46 7010 foraat(fT,3,1Ox,el3.6)
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)

1 47
1 48 write(49.7020) tie,tt(n)
1 49 7020 foruat(f7.3,IOx,e13.6)
1 50

1 51 write(41,7030) time,rrr(n)
1 52 7030 forsat(fT.3,10%,el.6)

1 53
1 54 308 CONTINUE

55
56 RETURN
57 END

Name Type Offset P Class

DTAU REAL'8 16 #
N INTE6ERI2 162,
RRNAME CHAR'40 122
RRR REAL 12 I

TIME REAL'8 164
TNANE CHAR440 82

TT REAL 8#
INANE CHAR*40 2
Xx REAL 0 #
YNAME CHAR440 42

YY REAL 4 f

58

Nale Type Size Class

RESPAL SUBROUTINE

Pass One No Errors Detected
58 Source Lines
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'Sample Input Data Flle and Output File.

Mi*SHIP/SUB DRYDOCK BLOCKING SYSTEM### DATA FILE: A:SIC;BILN.DAT

"'INPUT FILE DATA###

SHIP NAME: LAFAYETTE SSBN 616
DISCRIPTION OF ISOLATORS IF USED: NO ISOLATOR ALL BILINEAR
DISCRIPTION OF BUILDUP: S SPACING COMPOSITE
DISCRIPTION OF WALE SHORES USED: NO MALE SHORES
DISCRIPTION OF DAMPING: 5 1 DAMPING
LOCATION OF DRYDOCK BEING STUDIED: NO SPECIFIC LOCATION
NAVSEA DOCKING DRAWING NUMBER: 845-2006640
REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: SIKHORIG.WKI & SISHORIG.WKI
MISC. COMMENTS: SIORBILN.DAT 1839 4 MAR 88

SHIP WEIGHT (KIPS) Wx 16369.9
HEIGHT OF K6 (IN) H= 193
MOMENT OF INERTIA (KIFS.INSEU2) Ik= 2410451
SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kvs= 10113.39
SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Kvsp= 4025.64
KEEL PIER VERTICAL STIFFNESS (KIPS/IN) KVK= 46808.74
KEEL PIER VERTICAL PLASTIC STIFFNESS(KIPS/IN) KVKP= 46808.74
HEIGHT OF WALE SHORES (IN) AAA= 0
WALE SHORE STIFFNESS (KIPSIIN) KS: 0
SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) KHS= 5925.13
KEEL PIER HORIZONTAL STIFFNESS (KIPS/IN) KHK: 59223.08
SIDE PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KSHP= 2212.17
KEEL PIER HORIZONTAL PLASTIC STIFFNESS(KIPSIIN) KKHP= 38434.86
RESTORING FORCE AT 0 DEFLECT KEEL HORIZ (KIPS) gD)= IB098.07
RESTORING FORCE AT 0 DEFLECT SIDE HORIZ (KIPS) QD2z 4817.6
RESTORING FORCE AT 0 DEFLECT SIDE VERT (KIPS) 003= 2262.37
RESTORING FORCE AT 0 DEFLECT KEEL VERT (KIPS) QD4= 0
GRAVITATIONAL CONSTANT (IN/SEC'2) GRAV= 386.09

SIDE BLOCK WIDTH (IN) SBW: 42
KEEL BLOCK WIDTH (IN) KBW= 49
SIDE BLOCK HEIGHT (IN) SBH= 74
KEEL BLOCK HEIGHT (IN) KBH= 60

BLOCK ON BLOCK FRICTION COEFFICIENT Ul= .43
HULL ON BLOCK FRICTION COEFFICIENT U2: .53
SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) OR= 144
SIDE PIER CAP PROPORTIONAL LIMIT SCPL= .7
KEEL PIER CAP PROPORTIONAL LIMIT KCPL= .45
TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (INI2) SAREA= 8352
TOTAL KEEL PIER CONTACT AREA (1N2) KAREA= 55440
PERCENT CRITICAL DAMPING ZETA: .05
HULL NUMBER (XXXX) HULL= 616
SYSTEM NUMBER (XII) NSYS= I
CAP ANGLE (RAD) BETA= .377
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I

16369.9 193.0 2410451 10113.39 4025.64 46808.74 0.0 (.0
5825.13 59223.08 2212.17 38434.86 18098.07 4917.60 2262.37 386.09

42.00 48.00 74.00 60.00 0.43 0.53

144.00 0.70 0.45 8352.0 55440.0 0.050
616 1 0.377 0.00 46808.74

LAFAYETTE SSBN 616

NO ISOLATOR ALL BILINEAR
8 SPACIN6 COMPOSITE
NO WALE SHORES

5 1 OAMPINS
NO SPECIFIC LOCATION
645-2006640
SIKHORi6.Wkl & SISHORI6.WKI
SIORBILN.DAT 189 4 MAR 88
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#it# System I it##

*I Hull 616 CI

t Ship Parameters a

Weight Moment of Inertia K.G.
16369.9 kips 2410451.0 kips-in-sec2 193.0 ins

f Drydock Parameters *

Side Block Height Side Block Width Keel Block Height Keel Block Width
74.0 ins 42.0 ins 60.0 ins 48.0 ins

Side-to-Side Pier Distance Nale Shore Ht. Wale Shore Stiffness Cap Angle
144.0 ins .0 ins .0 kips/in .377 rad

ISide Side Pier Contact Area Total Keel Pier Contact Area kkhp
8352.0 in2 55440.0 in2 38434.9 kios!in

BiB Friction Coeff H/B Friction Coeff kshp kvsp
.430 .530 2212.2 kipsiin 4025.6 kips/in

Side Pier Fail Stress Limit Keel Pier Fail Stress Limit kvkp
.700 kips/in2 .450 kipstin2 46808.7 kips/in

Side Pier Vertical Stiffness Side Pier Horizontal Stiffness
10111.4 kips/in 5825.1 kipslin

Keel Pier Vertical Stiffness Keel Pier Horizontal Stiffness
46808.7 kips/in 5922.3.1 kips/in

QDI gD2 gD3 QD4
190Q8.1 kips 4817.6 kips 2262.4 kips .0 o;

§ System Parameters and Inputs f

Earthquake Used is 1940 EL CENTRO

Horizontal acceleration input is HORIZONTAL

Vertical acceleration input is

Earthquake Acceleration Time History.

Vertical/Horizontal Ground Acceleration Ratio Data Time Increment

1.000 .010 sec

Gravitational Constant I System Damping
386.09 in/secl 5.00
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Mass Matrix

42..992 .0000 8183.0420
.0000 42.3992 .0000

8183.0420 ,0000 2410451.0000

Damping Matrix

119.1018 .0000 5027.6454
.0000 168.5898 ,0000

5027.6454 .0000 1549181.3597

Stiffness Matrix

70873.3400 .0000 163107.6400
.0000 67035.5200 .0000

163103.6400 .0000 99931610.6070

Undamped Natural Frequencies Mode 1 Mode 12 Mode 13
6.425 rad/sec 69.650 rad/sec 39.763 tad/sec

Damped Natural Frequencies Mode 1 Mode 12 Node IT
6.416 rad/sec 69.563 rid/sec 39.713 rad/sec

For Earthquake Acceleration of 100.00 % of the 1940 EL CENTRO

Maximums/Failures X (ins) Y (ins) Theta irads) Time (sec)

Maximum 1 -.141,97 11.2 1

Maximum Y -.,0029 8.01
raxilm; Rotation .048797 14.44

Side block slidinQ -.103557 .073,1 -.021226 6.24
Keel block sliding -.095723 .021787 -.021704 6.27
Side block overturning .082142 -.061166 .011885 5.61
Keel block overturning .020383 .052877 .001717 4.71
Side block liftoff -.007883 -.103857 -.003915 4.96
Side block crushing -. 009432 .021336 ,.98s 5.46
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For Earthquake Acceleration of 90.00 X of the 1940 EL CENTRO

Maximums/Failures X (ins) Y (insl Theta (rads) Time (sec)

Maximum 1 -. 246421 16.51
Maximus Y -.181960 8.01
Maximus Rotation -.049906 13.83

Side block sliding .000484 -.055409 .0022496 5.77
Keel block sliding -.007291 .019017 -.019629 6.23
Side block overturning .000484 -.055408 .002296 5.77
Keel block overturning -.031319 -.030563 .001947 4.75
Side block liftoff -.002232, -.081113 -.003868 4.97
Side block crushing -.011740 -.0129541 .0011420 5.48

For Earthquake Acceleration of 80.00 1 of the 1940 EL CENTRO

Maxisums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Maximus X -.1)503137 16.51
Maximus Y -.161793 8.01
Maximus Rotation .0490~40 19.75

Side block sliding .000027 -.051407 .001472 5.77
Keel block sliding -.0884273 .009133, -.01M34 6.22
Side block overturning .000027 -.051407 .001472 90.77
Keel block overturning -.021642 .0587218 -.005154 5.03
Side block liftoff .001236 -.051243 -.003723 4.98
Side block crushing .008197 -.014721 .008773 5.50

For Earthquake Acceleration of 70.00 % of the 1940 EL CENTRO

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Maximum I -.24860Z 13!.79
Maximus Y -. 145349 8.01
Maximus Rotation .049499 14.38

Side block slidina -.026676 .040248 -.009791 6.28
Keel block sliding -.083862 .039448 -.0195273 7.37
Side block overturningq -.0(8619 .07,4936 -.0112460 6.26
Keel block overturning -.0219241 -.004233 .007959 5.54
Side block liftoff -.000110 -.023437 -.00,1463 4.99
Side block crushino -.011305 -.039360 -.008469 5.92)
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For Earthquake Acceleration of 60.00 Z of the 1940 EL CENTRO

Maximuss/Failures X (ins) Y (ins) Theta (radsl Time (sec)

Maximum X -.252173 13.78
Maximum Y -.116732 8.00
Maximum Rotation .049920 19,65

Side block sliding -.003131 .021628 -.004153 6.30

Keel block sliding .061008 .097166 .017490 7.93

Side block overturning -.036400 .021380 -.007884 6.24

Keel block overturning .022516 .054039 .004804 5.42
Side block liftoff -.003402 .000282 -.003089 5.00
Side block crushing .001256 -.018646 -.008745 5.96

For Earthquake Acceleration of 50.00 1 of the 1940 EL CENTRO

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Maximum X .246529 19.66

Maximum Y -.094418 8.00
Maximum Rotation .049232 19.61

Side block sliding -.015797 .008866 -.002023 6.31
keel block sliding -.093131 -.025568 -.026015 8.50

Side block overturning -.015797 .008866 -.002023 6.31
Keel block overturning .029000 .008726 .004903 5.52
Side block liftoff -.014161 .033488 -.003067 5.03
Side block crushing -.000834 -.062532 .008307 6.50

For Earthquake Acceleration of 40.00 2 of the 1940 EL CENTRO

Maximums/Failures X (ins) Y (ins) Theta (rids) Time (sec)

Maximum 1 .241724 19.55
Maximum Y -.071379 8.00
Maximum Rotation .046794 19.50

Side block sliding .032752 .002736 .006452 ?.86
Keel block sliding .084762 .009522 .02378B 9.05
Side block overturning .008986 .014682 -.001517 7.34
Keel block overturning .027507 .013162 .007241 6.60
Side block li:toff -.004834 .006973 .002687 5.38
Side block crush'ng .000491 -.013729 .009022 7. 53
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For Earthquake Acceleration of 30.00 of the 1940 EL CENTRO

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Maximum 1 -.031730 8.07

Maximum Y -.040973 8.00
Maximus Rotation .005341 7.51

Keel block overturning -.028676 .01,919 -.003477 8.06

Side block liftoff -.009727 -017853 -.002363 5.84

For Earthquake Acceleration of 20.00 Z of the 1940 EL CENTRO

Maximums/Failures I (ins) Y (ins) Theta (rads) Time (sec)
--------- ---- ------------------ ------------

Maximum 1 -.018083 7.97

Maximum Y -.026897 8.00

Maximum Rotation .003646 7.50

Side block liftoff .002507 .019660 .002589 6.42

For Earthquake Acceleration of 10.00 1 of the 1940 EL CENTRO

Maximus/Failures X (ins! Y (ins' Theta (rads) Time (sec)

Maximum 1 -.008056 7.98

Maximum Y -,01-4!7 4.79

Maximum Rotation .001623 7.45

No failures occurred.

For Earthouake A:celerativo of 19.00 % o4 the lq40 EL CENTRO

Maxilmus/Failures X (ins) Y (insl Theta (rads) Time (set)

Maximum 1 -.017166 7.97

Maximum Y -. 05552 8.0-0
Maximum Rotation .001456 7.50

Side block liftoff .602767 .0CK6 .0{i2591 6.43
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For Earthquake Acceleration of (8.00 % of the 1940 EL CENTRO

maximums/Failures X (ins) Y (ins) Theta irads) Time (sec)

Maximus 1 -.015413 7.97
Maximum Y -.024186 4.79
maximum Rotation .003294 7.49

Side block liftoff .010977 -.002288 .002979 6.54

For Earthquake Acceleration of 17.00 % of the 1940 EL CENTRO

Maxisums/Failures I (ins) Y (ins) Theta (rids) Time (sec)

Maximum X -.014521 7.97
Maximus Y -.02284, 4.79
Maximus Rotation .003091 7.49
Side block liftoff -.002400 -.002636 -.002636 6.99

For Earthquake Acceleration of 16.00 % of the 1940 EL CENTRO

MaximumslFailures I (ins) Y (ins) Theta (rads) Time (set)

Maximus 1 -.013572 7.97
Maximum Y -.0214q9 4.79
Maximum Rotation .002858 7.49

Side block liftoff -.003316 .016301 -.002449 7.90

For Earthquake Acceleration of 15.00 % of the 1940 EL CENTRO

Maximues/Failures X (insi Y (ins) Theta (rads' T-se (:ec'

Maximum I .01148c 7.57
Maximum Y -.020155 4.7q
Maximum Rotation .002624 7.48

No failures occurred.
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APPENDIX 2

1. * VREADs' and "ACCELMOD" FORTRAN
Program LiStIngsSample Vertical and Horizontal

2. "DATINNEW" and "MAKERUB" BASIC Program
Liat ings
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"V2READS" and"ACCELMOD- FORTRAN
Froqras Listingqs. . . . ....

01-22-8

D Line# 1 7 icrosof FORTRAN77 V3 25:0264

1 cV32028
2 c v2read8.for
3 c
4 C main program to read the VolUme2 data.
S C n a 0 of acce., velocity and displ. data
6 C
7 C common/xyaxll/xaXi5.iyaxis.Ixy

8 Integer cortIl(1000),Icor(JOO),Cor(40)
9 real y(500i),.fcor(100)

10 open(2.fllelacc.dat'.status='Old')
11 openC3,fleulaccl.out-.statusInewl)
12 open(4.fileu'acc2.outU.8tatU5gflewl)
13 open(S.f1esaGCC3.OUtlatatus-InelC)
14 do 10 J-i.3

3 is reAd(2.13)cortil
1 16 readC2.12)1cor
1 17 read(2,13)fcor
I is n-lcor(53)

1 9 C Read the acceleration data:
1 20 readC2.11)cor
1 21 goto (100,200,300).j
1 22 100 readC2,13)(y(I).11.fl)
1 23 write(3,14)(yC1).1i-ln)
1 24 goto 400
1 25 200 read (2,13) (y ( x I ,n)
1 26 write(4,14)Cy(i),11.fl)
1 27 goto 400
1 28 300 reodC2.13)(y(i),1Iln)
1 29 wrlte(5,243 Cy(l) .11 .n)
1 30 400 continue
1 31 C Read the velocity data:
1 32 read(2.21)cor
1 33 read(2,13)(yCI),Iu1.n)
1 34 C Read the displacement data:
1 35 read(2,]1)cor
1 36 read(2.13)Cy~l)1I-.l)
1 37 c Read the *end of file" mark
1 38 read(2,11)ief
1 39 11 format(40a2)
1 40 12 format(1615)
I 41 J3 format(OflO.3)
1 42 14 formatCf 10.3)
1 43 10 Continue

44 end

Name Type Offset P Class

C0R INTEGER*4 24806
CORTIL INTEGER*4 2
FCOR REAL 24406
1 INTEGER*4 24974
ICOR INTEGER*4 4002
IEF INTEGER*4 24982
3 INTEGER*4 24966
N INTEGER*4 24970
Y REAL 4402
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Page 1
01-23-88
15:42:48

D Line$ 1 7 Microsoft FORTRAN77 V3.20 02/84
1 c acceleration data modification program
2
3 real a(2006),b(2006)
4 integer n,i,j
5 character*40 fnam.
6
7 write(*,*) 'INPUT FILE YOU WISH TO MODIFY...'
8 read(*,'(a)') fname
9 write(*,*) 'INPUT NUMBER OF DATA POINTS IN INPUT FILE ... '

10 read(*,*) n
11 open(2,file=fname,tatus='old')
12 open(3,file='acc.mod',status='new')
13
14 do 10 j=l,n

1 15 reed(2,S)a(j)
1 16 10 continue

17 14 format(fg.4)
18
19 b(1)=a(1)
20 do 20 i=1, 1002

1 21 b(2i)=(a(i)+a(i+1))/2
1 22 b(2*i+l)=a(i+1)
1 23 20 continue

24
25 do 30 j=1,2004

1 26 write(3,14)b(j)
1 27 30 oontinue

28 end

Name Type Offset P Class

A REAL 2
B REAL 8028
FNAME CHAR*40 16050
I INTEGER*4 16162
J INTEGER*4 16094
N INTEGER*4 18090

Name Type Size Class

MAIN PROGRAM

Pass One No Errors Detected
28 Source Lines
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"DATINNEW" and "MAKERUB" BASIC
Program Listins. . . . . ..

10 SCREEN 0: WIDTH 80
20 CLS
30 F=O
40 D$="s'ss. Sss"
50 '
60 PRINT "S** * **S*****************************"
70
o0 PRINT:PRINT " ****SHIP DRYDOCK BLOCKING SYSTEM****
90 PRINT:PRINT " **ACCELERATION DATA FILE CREATION PROGRAM**
100 PRINT:PRINT **FOR BILINEAR 3DOF QUAKE RESPONSE PROGRAM**
110 1
120 PRINT "*****************************s*s**s**s**s**** ,** ,***"
130
140
150 INPUT - INPUT NAME OF ACCELERATION FILE YOU WISH TO MODIFY: ",ACOLDS
160 INPUT " HOW MANY DATA ENTRIES ARE IN THE INPUT DATA FILE? ",N
170 INPUT " HOW MANY DATA ENTRIES DO YOU WANT IN THE OUTPUT FILE? ",M
180 DIM AD(3000)
190 DIM AC(3000)
200 INPUT " WHAT PERCENT OF THE ORIGINAL ACCEL. DO YOU WANT ? (.XX) ",PP
210 INPUT - INPUT NAME OF OUTPUT ACCELERATION FILE: ",ACNEW$
220 INPUT " DO YOU WANT OUTPUT IN INCHES/SEC^2 ??? (Y/N) ";AS
230 IF A$="Y" OR A$="y' THEN F=l
240 INPUT " DO YOU WANT TO ADD LABELS TO THIS DATA FILE? (Y/N) ";B$
250 IF B$<>"Y" AND B$<>"y" THEN 300
260 71=1
270 INPUT " INPUT THE NAME OF THE EARTHQUAKE: ";Q$
280 INPUT " INPUT THE ACCELERATION COMPONENT NAME: ";C$

290 INPUT " INPUT THE ACCELERATION DATA TIME STEP: (SEC) ";DTAU
300 OPEN ACOLD$ FOR INPUT AS 01
310 Z=1
320 GG=O
330 FOR 1:1 TO N
340 INPUT 61,ADS
350 IF VAL(AD$)=O AND I=1 THEN GG-l
360 IF GG= AND 1=3 THEN 420
370 IF VAL(ADS):O THEN GOTO 420
380 AB=VAL(AD$)
390 IF AB=-9999 THEN 430
400 IF F=l THEN AC(Z)=AB/2.54 ELSE AC(Z)=AB
410 ZZ+l
420 NEXT I
430 CLOSE #1
440 OPEN ACNEWS FOR OUTPUT AS 01
450 IF FF<>1 THEN 490
460 PRINT#l,Q$
470 PRINTW1,C$
480 PRINTS1, USING D*;DTAU
490 FOR 1=1 TO M
500 PRINT01, USING DS;AC(I)*PP
510 NEXT I
520 CLOSE 61
530 END

209



U - W,- ,~IUII E _ _ _P .. I . ,,| - 'I

10 SCREEN 0: WIDTH 80
20 CLS
30 PRINT S**********S*********************'

40 '
50 PRINT:PRINT " ****SHIP DRYDOCK BLOCKING SYSTEM**
60 PRINT:PRINT " ****INPUT DATA FILE CREATION PROGRAM****
70 PRINT:PRINT " ****FOR BILINEAR 3DOF QUAKE RESPONSE PROGRAM****":PRINT
80 P

100
110
120 GRAV=32.174*12
130 AS=" 00000.0 000.0 00#00#0 00S00.0 0000#0.00 000000. 800.0 000000.0
140 S=" 000*00.00 #00000.00 000$0.*0 000000. 000 *. 00000. 00000.0 000.

150 CS=" 000.00 890. 000.00 000.00 0.00 0.00
160 DS=" 0000.00 0.00 0.00 000000.0 0*00000.0 0.000
170 8=:" 00#0 00# 0.000 00000000 080000.00
180 PRINT:PRINT
190 PRINT " SELECT ONE OF THE FOLLOWING MAKEDATA OPTIONS: ":PRINT
200 '
210 PRINT " 1. PREPARE NEW DATA FILE":PRINT
220 PRINT " 2. MODIFY EXISTING DATA FILE":PRINT
230 INPUT " SELECT NUMBER ;NN
240 PRINT: INPUT DRIVE USED FOR DATA FILES (A:,B:,C:,D:,E:,F:):";ABCS
250 INPUT " FILE NAME ( OMIT DRIVE LETTER )";F4$
260 F4S=ABCS+F4$
270 CLS
280 ON NN GOTO 300,350
290 '
300 GOSUB 480:' CALL SUBROUTINE "INPUT DATA"
310 GOSUB 1010:' CALL SUBROUTINE "PRINT DATA"
320 GOSUB 1620:' CALL SUBROUTINE "STORE DATA"
330 GOTO 410
340 ' " -
350 GOSUB 1930:' CALL SUBROUTINE "RECALL DATA"
360 GOSUB 2190:' CALL SUBROUTINE "MODIFY DATA"
370 GOSUB 1010 :' CALL SUBROUTINE "PRINT DATA"
380 GOSUB 1620 : CALL SUBROUTINE "STORE DATA"
390 GOTO 410
400 '
410 CLS: PRINT
420 INPUT" DO YOU WANT TO CREATE ANOTHER DATA FILE? (Y/N) ;DEC#
430 IF DECS="Y" OR DECs=-"" THEN 20
440 END
450

470
480 CLS:' SUROUTINE "INPUT DATA"
490 PRINT " INPUT THE FOLLOWING DATA:":PRINT
500 INPUT " SHIP NAME: ";SHIPS
510 INPUT " DISCRIPTION OF ISOLATORS IF USED ";ISOS
520 INPUT " DISCRIPTION OF BUILDUP: ";BUILDS
530 INPUT " DISCRIPTION OF WALE SHORES USED: ";WALES
540 INPUT " DISCRIPTION OF DAMPING: -;DAMPS
550 INPUT " LOCATION OF DRYDOCK BEING STUDIED: ";DOCKS
560 INPUT " NAVSEA DOCKING DRAWING NUMBER: ";SEAS
570 INPUT " REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: ";STIFS
580 INPUT " MISC. COMMENTS: ;COMMS
590 1
600 INPUT " SHIP WEIGHT (KIPS) W=";W
610 INPUT " HEIGHT OF KG (IN) H:";H
620 INPUT " MOMENT OF INERTIA (KIPS*IN*SEC^2) Ik=";IK
630 INPUT " SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kvs:";KVS
640 INPUT " SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Kvop=";KVSP
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Dov Lrul &ZLL rl'LX VzLklLAL bTI-?YNES (KIPS/IN) KVK=";KVK
660 INPUT " KEEL PIER VERTICAL PLAS STIFFNESS(KIPS/IN) KVKP=";KVKP
670 INPUT - HEIGHT OF MALE SHORES (IN) AAAz";AAA
660 INPUT " MALE SHORE STIFFNESS (KIPS/IN) KS=";KS
690 INPUT " SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) KHS=";KHS
700 INPUT " KEEL PIER HORIZONTAL STIFFNESS (KIPS/IN) KHK=";KHK
710 INPUT " SIDE PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KSHP=-;KSHP
720 INPUT " KEEL PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KKHP=";KKHP
730 INPUT - RESTORING FORCE AT 0 DEFLECT KEEL HORIZ (KIPS) QDI=;QDI
740 INPUT " RESTORING FORCE AT 0 DEFLECT SIDE HORIZ (KIPS) QD2=";QD2
750 INPUT " RESTORING FORCE AT 0 DEFLECT SIDE VENT (KIPS) QD3=";QD3
760 INPUT " RESTORING FORCE AT 0 DEFLECT KEEL VENT (KIPS) QD4=";QD4
770 INPUT " SIDE BLOCK WIDTH (IN) SBW=";SBW
780 INPUT " KEEL BLOCK WIDTH (IN) KBW=";KBW U
790 INPUT " SIDE BLOCK HEIGHT (IN) SBH=";SBH
800 INPUT - KEEL BLOCK HEIGHT (IN) KBH=";KBH
810 INPUT - BLOCK ON BLOCK FRICTION COEFFICIENT UI=";U1
820 INPUT " HULL ON BLOCK FRICTION COEFFICIENT U2=";U2
830 INPUT " SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) BR=";BR
840 INPUT " SIDE PIER CAP PROPORTIONAL LIMIT SCPL=";SCPL
850 INPUT " KEEL PIER CAP PROPORTIONAL LIMIT KCPL=";KCPL
880 INPUT " TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN'2) SAREA=";SAREA
870 INPUT " TOTAL KEEL PIER CONTACT AREA (IN^2) KAREA=";KAREA
880 INPUT " PERCENT CRITICAL DAMPING ZETA=" ;ZETA
890 INPUT " HULL NUMBER (XXXX) HULL=';HULL
900 INPUT " SYSTEM NUMBER (XXX) NSYS=" ;NSYS
910 INPUT " CAP ANGLE (RAD) BETA=" ; BETA
920 PRINT:PRINT
930 INPUT " ARE THE ABOVE VALUES CORRECT Y/N" ;YN$
940 IF YNS="N" THEN GOTO 270
950 CLS :PRINT
960 PRINT:PRINT
970 PRINT " SHIP/SYSTEM DATA FILE INPUT COMPLETE
980 RETURN
990
1000
1010 CLS: 'SUBROUTINE "PRINT DATA"
1020 PRINT:PRINT " ***SHIP/SUB DRYDOCK BLOCKING SYSTEM*** DATA FILE: ";F41
1030 PRINT:PRINT " ***INPUT FILE DATA***"
1040 PRINT:PRINT
1050 PRINT " SHIP NAME: ",SHIPS
1060 PRINT " DISCRIPTION OF ISOLATORS IF USED: ";ISOs
1070 PRINT DISCRIPTION OF BUILDUP: ";BUILDS
1080 PRINT " DISCRIPTION OF MALE SHORES USED: ";WALES
1090 PRINT " DISCRIPTION OF DAMPING: ";DAMPS
1100 PRINT " LOCATION OF DRYDOCK BEING STUDIED: ";DOCKS
1110 PRINT " NAVSEA DOCKING DRAWING NUMBER: ";SEAS
1120 PRINT " REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME. ";STIF$
1130 PRINT - MISC. COMMENTS: ";CO145
1140 PRINT
1150 PRINT
1160 PRINT " PRESS ANY KEY TO CONTINUE...
1170 F$=INKEYS:IF F$='- THEN 1170
1180 CLS:PRINT
1190 1
1200 PRINT - SHIP WEIGHT (KIPS) W=" ;
1210 PRINT - HEIGHT OF KG (IN) H=";H
1220 PRINT " MOMENT OF INERTIA (KIPS*IN*SEC-2) Ik=";IK
1230 PRINT SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kvm=";KVS
1240 PRINT SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Kvup=";KVSP
1250 PRINT KEEL PIER VERTICAL STIFFNESS (KIPS/IN) KVK=";KVK
1280 PRINT KEEL PIER VERTICAL PLASTIC STIFFNESS(KIPS/IN) KVKP=";KVKP
1270 PRINT HEIGHT OF WALE SHORES (IN) AAA=",AAA
1280 PRINT WALE SHORE STIFFNESS (KIPS/IN) KS=";KS
1290 PRINT " SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) KHS=";KHS
1300 PRINT KEEL PIER HORIZONTAL STIFFNESS (KIPS/IN) KHK=";KHK
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AI In

1320 PRINT KEEL PIER HORIZONTAL PLASTIC STIFFNESS(KIPs/IN) KKHP=";KKHP
1330 PRINT RESTORING FORCE AT 0 DYFLECT KEEL HORIZ (KIPS) aD 1=-;DI
1340 PRINT RESTORING FORCE AT 0 DEFLECT SIDE HORIZ (KIPS) 2=" 2
1350 PRINT " RESTORING FORCE AT 0 DEFLECT SIDE VERT (KIPS) QDS=";QDS
130 PRINT " RESTORING FORCE AT 0 DEFLECT KEEL VERT (KIPS) QD4= ;QD4
1370 PRINT " GRAVITATIONAL CONSTANT (IN/SEC2) GRAV";GRAV
1380 PRINT:PRINT - PRESS ANY KEY TO CONTINUE...
1390 FS=INKEYS:IF F$="" THEN 1390
1400 CLS:PRINT
1410 '
1420 PRINT SIDE BLOCK WIDTH (IN) SBW=";SBW
1430 PRINT KEEL BLOCK WIDTH (IN) KBN=";KBN
1440 PRINT SIDE BLOCK HEIGHT (IN) SBH=";SBH
1450 PRINT KEEL BLOCK HEIGHT (IN) KBH=";KBH
1460 PRINT BLOCK ON BLOCK FRICTION COEFFICIENT UI=";U1
1470 PRINT " HULL ON BLOCK FRICTION COEFFICIENT U2=";U2
1480 PRINT " SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) BR=";BR
1490 PRINT " SIDE PIER CAP PROPORTIONAL LIMIT SCPL=";SCPL
1500 PRINT " KEEL PIER CAP PROPORTIONAL LIMIT KCPL=";KCPL
1510 PRINT " TOTAL SIDE PIER CONTACT AREA (our SIDE) (IN'2) SAREA=";SAREA
1520 PRINT " TOTAL KEEL PIER CONTACT AREA (IN-2) KAREA-";KAIA
1530 PRINT PERCENT CRITICAL DAMPING ZETA=";ZETA
1540 PRINT HULL PUMBER (XXXX) HULL=" ;HULL
1550 PRINT SYSTEM NUMBER (XXX) NSYS:";NSYS
1560 PRINT CAP ANGLE (RAD) BETA=" ; BETA
1570 PRINT:PRINT " PRESS ANY KEY TO CONTINUE...
1580 FS=INKEY$:IF F$="" THEN 1580
1590 RETURN
1600
1810
1820 'SUBROUTINE "STORE DATA"
1830 IF NN<>2 THEN 1870
1640 CLS:PRINT
1850 INPUT " INPUT THE NAME OF THE MODIFIED DATA FILE: ",MD$
1880 F4S=ABC$+MD$
1670 OPEN F4$ FOR OUTPUT AS 6I
1680 PRINT#1,USING A$;W;H;IK;KVS;KVSP;KVK;AAA;KS
1690 PRINT0IUSING B$;KHS;KHK;KSHP;KKHP;QD1;QD2;QD3;GRAV
1700 PRINT$1,USING C$;SBN;KBW;SBH;KBH;UI;U2
1710 PRINT#1,USING DS;BR;SCPL;KCPL;SAREA;KAREA;ZETA
1720 PRINT#1,USING E$;HULL;NSYS;BETA;QD4;KVKP
1730 PRINTS1,"
1740 PRINT#1,"
1750 PRINT01,
1780 PRINT#1,"
1770 PRINT1,.
1780 PRINT1, SHIPS
1790 PRINT*IISO$
1800 PRINTS!. BUILDS
1810 PRINT01,WALES
1820 PRINTSI.DAMPS
1830 PRINT01,DOCKS
1040 PRINT01,SEAS
1850 PRINT01, STIF$
1860 PRINT1,COMM
1870 '
1880 CLOSE 01
1890 RETURN
1900
1910 * ******** **** *** ** ** ******* **
1920
1930 CLS: 'SUBROUTINE "RECALL DATA"
1940 PRINT "WAIT!!!! INPUTING PREVIOUS DATA FILE-
1950 OPEN F4$ FOR INPUT AS St
1960 INPUTl,W, H, IK,KVS,KVSP,KVK,AAA,KS
197A TUPt/r1T Il Ip r'r v(mp Kic mt ot 9 am .n " a AV
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1980 INPUTOI,SBWKBW,SBH,KBH,UI,U2
1990 INPUTNI,BR, SCPL. KCPL, SAREA. KAREA, ZETA
2000 INPUTSI, HULL, NSYS. BETA, QD4, KVKP
2010 INPUTBlINULLS
2020 INPUTS1,NULLS
2030 INPUT01,NULLs
2040 INPUTfI1NULLS
2050 INPUT~lNULLS
2060 INPUTSI, SHIPS
2070 INPUT01,ISOS
2080 INPUT81 BUILDS
2090 INPUTSlWALE$
2100 INPUTI3,DAMP$
2110 INPUT#1,DOCKS
2120 INPUT$1,SEAS
2130 INPUT#1, STIF$
2140 INPUT~l, COMI4$
2150 CLOSE 01
2160 RETURN
2170

2190 CLS- 'SUBROUTINE "MODIFY DATA"
2200 PRINT " SHIP WEIGHT (KIPS)
2210 INPUT "NEW VALUE:*NO CHANGE: PRESS ENTERs W=";I$:IF I$o""THEN W=VAL(IS)
2220 PRINT " HEIGHT OF KG (IN) H=";H
2230 INPUT "NEW VALUE: SNO CHANGE PRESS ENTERs H=";Q$:IF Q$<>""THlN H=VAL(Q$)
2240 PRINT " MOMENT OF INERTIA (KIPS*IN*SEC^2) Ik=";IK
2250 INPUT "NEW VALUE SNO CHANGE PRESS ENTERS Ik=";Q$:IF Q$<>""THN IK=VAL(Q$)
2280 PRINT " SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kvo=";KVS
2270 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* Kvs=";Q$:IF QS<>'"THEN KVS=VAL(Q$)
2280 PRINT " SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Kvsp=";KVSP
2290 INPUT "NEW VALUE *NO CHANGE PRESS ENTEAs Kvop=";QS:IF Qs<>*"THEN KVSP=VAL(Q

2300 PRINT " KEEL PIER VERTICAL STIFFNESS (KIPS/IN) KVK=";KVK
2310 INPUT "NEW VALUE SNO CHANGE PRESS ENTERs Xvk=";Q$:IF Q$<>"THEN KVK=VAL(QS)
2320 PRINT " KEEL PIER VERTICAL PLASTIC STIFFNESS(KIPS/IN) KVKP=";KVKP
2330 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* Kvkp=";Q$: IF Q$<>""THEN KVKP=VAL(Q
8)
2340 PRINT " HEIGHT OF WALE SHORES (IN) AAA=";AAA
2350 INPUT "NEW VALUE SNO CHANGE PRESS ENTERs AAA=";Q*:IF Q<>""THE AAA=VAL(Q$)
2360 PRINT " WALE SHORE STIFFNESS (KIPS/IN) KS=" ;KS
2370 INPUT "NEW VALUE *NO CHANGE: PRESS ENTER* KS=";Q$:IF Q$<>""THEN KS=VAL(Q$)
2380 PRINT " SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) KHS=";KHS
2390 INPUT "NEW VALUE *NO CHANGE PRESS ENTERs Khs=";Q$:IF Q$<>"THEN KHS=VAL(Q$)
2400 PRINT " KEEL PIER HORIZONTAL STIFFNESS (KIPS/IN) KHK=";KHK
2410 INPUT "NEW VALUE SNO CHANGE PRESS ENTERs KHK=";Q$:IF Q*<>"THEN KHK=VAL(Q$)
2420 PRINT " SIDE PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KSHP=";KSHP
2430 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* KSHP=";QS:IF Q$<>""THEN KSHP=VAL(Q
s)
2440 PRINT " KEEL PIER HORIZONTAL PLATIC STIFFNESS(KIPS/IN) KKHP=*;KKHP
2450 INPUT "NEW VALUE *NO CHANGE PRESS ENTERs KKHP=";Q$:IF Q$<>""THEN KKHP=VAL(Q
8)
2460 PRINT " RESTORING FORCE AT 0 DEFLECT KEEL HORIZ (KIPS) QD1=";QD1
2470 INPUT "NEW VALUE *NO CHANGE PRESS ENTERS QDI=";Q$:IF Q$<>'THEN QD1=VAL(Q$

2480 PRINT " RESTORING FORCE AT 0 DEFLECT SIDE HORIZ (KIPS) QD2=";QD2
2490 INPUT "NEW VALUE SNO CHANGE PRESS ENTERS QD2=";Q$:IF QW<"THEN QD2=VAL(Q$

2500 PRINT " RESTORING FORCE AT 0 DEFLECT SIDE VERT (KIPS) QD3=" ;QD3
2510 INPUT "NEW VALUE SNO CHANGE PRESS ENTERS QD3=";Q$:IF Q>""THEN QD3=VAL(Q$

2520 PRINT " RESTORING FORCE AT 0 DEFLECT KEEL VERT (KIPS) QD4=";QD4
2530 INPUT "NEW VALUE SNO CHANGE PRESS ENTER* QD4=";Q$:IF Q$<>""THEN QD4=VAL(Qs
)
2540 PRINT " GRAVITATIONAL CONSTANT (IN/SEC'2) GRAV=";GRAV
2550 INPUT "NEW VALUE *NO CHANGE PRESS ENTERS GRAV=";Q$:IF Q$<>""THEN GRAV=VAL(Q
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2560 PRINT SIDE BLOCK WIDTH (IN) SBW=";SBW
2570 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* SBW=";Q*:IF Q$<>""THEN SBW=VAL(Q$)
2580 PRINT " KEEL BLOCK WIDTH (IN) KBW=";KBW
2590 INPUT "NEW VALUE *NO CHANGE PRESS ENTEZR KBW=";Q$:IF Qs<>""THEN KBW=VAL(Q$)
2600 PRINT " SIDE BLOCK HEIGHT (IN) SBH=";SBH
2610 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* SBH=";Q$:IF QS<>""THEN SBH=VAL(Q$)
2620 PRINT " KEEL BLOCK HEIGHT (IN) KBH:";KBH
2630 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* KBH=";Q$:IF Q$<>""THEN KBH=VAL(Qs)
2840 PRINT " BLOCK ON BLOCK FRICTION COEFFICIENT U1=";U1
2550 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* U1=';Q$:IF QS<>e""THEN UI=VAL(Q$)
2680 PRINT " HULL ON BLOCK FRICTION COEFFICIENT U2=";U2
2870 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* U2";Q$:IF Q$<>""THEN U2=VAL(Q$)
2680 PRINT " SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) BR=";BR
2690 INPUT "NEW VALUE *NO CHANGE PRESS ENTERs BR=";Q$:IF Q$<>""THEN BR=VAL(Q$)
2700 PRINT " SIDE PIER CAP PROPORTIONAL LIMIT SCPL=";SCPL
2710 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* SCPL=";Q*:IF Q$<>""THEN SCPL=VAL(Q
S)
2720 PRINT " KEEL PIER CAP PROPORTIONAL LIMIT KCPL=";KCPL
2730 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* KCPL=";Q$:I? Q$<>""THN KCPL=VAL(Q
S)
2740 PRINT " TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN^2) SAREA=";SAREA
2750 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* SAREA=";Q$:IF Q$<>""THEN SAREA:VAL
(Q$)
2760 PRINT " TOTAL KEEL PIER CONTACT AREA (IN^2) KAREA=";KAREA
2770 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* KAREA=";Q*:IF Q*<>""THEN KAREA=VAL
(Q$)
2780 PRINT " PERCENT CRITICAL DAMPING ZETA=";ZETA
2790 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* ZETA=";Q$:IF Qs<>"THEN ZETA=VAL(Q8)
2800 PRINT " HULL NUMBER (XXXX) HULL=" ;HULL
2810 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* HULL=";Q$:IF Q$<>""THEN HULL=VAL(
Qs)
2820 PRINT " SYSTEM NUMBER (XXX) NSYS=";NSYS
2830 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* NSYS=";Q$:IF Qs<>""THEN NSYS=VAL(Q
$)
2840 PRINT " CAP ANGLE (RAD) BETA=";BETA
2850 INPUT "NEW VALUE *NO CHANGE PRESS ENTERS BETA=" ;QS:IF Q$<>""THEN BXTAzVAL(Q8)
2860 PRINT " SHIP NAME: ",SHIPS
2870 INPUT "NEW VALUE *NO CHANGE PRESS ENTERS SHIPS=";Q$:IF Q$<>""THEN SHIP$=Q$
2880 PRINT " DISCRIPTION OF ISOLATORS IF USED: ";ISO$
2890 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* ISO$=";Q$:IF Q$<>"'THEN ISO$=Q$
2900 PRINT " DISCRIPTION OF BUILDUP: ";BUILD$
2910 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* BUILD$=";Q$:IF QS<>""THEN BUILDS=
Qs
2920 PRINT " DISCRIPTION OF WALE SHORES USED: ";WALES
2930 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* WALES=";Q$:IF Q$<>""THEN WALE-Q$
2940 PRINT " DISCRIPTION OF DAMPING: ";DAMPS
2950 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* DAMP$=" ;Q$: IF Q$<>""THEN DAMPS=QS
2960 PRINT " LOCATION OF DRYDOCK BEING STUDIED: %DOCKS
2970 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* DOCK*=";Q*:IF Q<>""THEN DOCK$--Q$
2980 PRINT " NAVSEA DOCKING DRAWING NUMBER: ";SEAS
2990 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* SEA$=";QS:IF QS<>""THEN SEA$=Q$
3000 PRINT " REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: ";STIFS
3010 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* STIF$=";Q$:IF Q$<>""THEN STIF*-Q$
3020 PRINT " MISC. COkMMENTS: ";COMM$
3030 INPUT "NEW VALUE *NO CHANGE PRESS ENTER* CO)M4S=";Q$:IF Q<>""THEN COMM$= $
3040 RETURN
3050
3080 'SS*S*SSSS*******SSS*S*s*SS*ss*SSS*SSSSSS*S******* S*SSSS****** s*21**4*
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Typical Accelerogram Header

":rkECTED AC_.ELEL,(,,';M ,1: L,:-,, e
7

. I l.u CrIMP VER1 FILE C "ORRESFOIL1NG T,
r (I 0 F UNCORRECTED ,CCELERO&FRAM DATA OF VOL.!Mr I:

.J'., "I T TER L,F- E 19
-CT 01, 19C7 -1442 GMT 22
.. ,I,., 8. 97. 1,1. "1 N is

-TATION DD2L (, 771 . 45 14N 118 1: 48W 1-9
Z,, LENY 9

DOMP VERT 9
WHITTIER EARTHOUAE OCT (1, 1987 -1442 GMT 44
EFICENTER - 74 0. 29N 11 '14 ..OW ',,5
INSTR PERIOD - .7 SEC DAMFING - .590 SENSITIVITY = 1.78 CM/6 69
NO. OF POINTS , 50 DURATION - 16.754 SEC 50
UNITS ARE SEC AND G/10 22
RMS ACCLN. OF COMPLETE RECORD - .051 6/10 45
ACCELEROGRAM IS BAND-PASS FILTERED BETWEEN .-,00- .400' AND 25.00-27.00 CYC/SEC.

819 INSTRUMENT AND EASELINE CORRECTED DATA
AT EOLIALLY-SPACED INTEF'PALS OF . 020 SEC.

:EAi ACCELERATION = -I: , CMS/SEC/SEC AT 2. 620 SEC.
PEAr VELOCITY = -1.08100 CMS/SEC AT 11. 640 SEC.
PEA: DISF'LACEMENT = .17700 CMS AT 14.760 SEC.
INITIAL VELOCITY = -. C220 CMS/SEC: INITIAL DISPLACEMENT -. 0:0 CMS
WHITTIER EARTHOUAiE OCT 01, 1987 -1442 GMT
MAGNITUDE - 5.9 EPICENTRAL DISTANCE a Th.74 KM M.M.I. = 0.
IIDD200 87.101.0 DO: LBNSY COMP VERT

0 4 4 :00 E7 I 01 0" 1 1 77 45 14 '18 1" 48 -
- 9 119 4 ' t.. 1 1997 1442 4 5i0 7 2S 9 44

0 0 (: 0 0 0 : 0 0 0 0 0
0 0 Z50 :251) 919 4 1': 10 1 0 44 43 10 10 2 410
5 164 0) 0 0 0 0 0 0 0 0 0 0 0 0 0
0) 0 0 0 0 c0 o 0 0: 0 0 0 0: o 0 0l

4) C ) 060 0 0

.077 .5?:) 16.-54 .051 100 1.780 74.058 11. 075
::7. 754 1IS. 2-0 -6. 7.6 5. 900 00)(:) 5.000 .000 •

00. 1:100 0000 000 ,000 .000 .,000

c) 10 (1*:1 ,000 ,000 000 0000 , 000 1,000
000 (C1:) O ():1r .lu 0(10 000 . 000 ,00
.000 .000 .00 ) .01:) , 000 . 000 .000 • 000
.000 •C)01) I. 10:)0 99 •067 .005 16. Z54 16 9.816 1.000

1. 000 27. 000 2.,000 16.7 60 .020 .400 . 100 . 000
2.620 -13.050 11.640 -1.091 14.760 .173 -. 022 .400

25. 000 .200 .200 -. 0-2 11. 640 -1. 081 14. 800 • 170
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Layout sneet tor Us zeahy

Long Beach Dry Dock # 3
BU[LD KEE ur il:1' r Tn  (

BUILDKEEL USHIPS 1948741 Orl. I

10'-6" (Otj DECLIVITY)

X
USS LEAHY CG-16 DRYDOCK NUMBER 3 ON CENTERLINE B ..l SOUTH POSIT4ON NtMBER 2
LOA 532'-6 5/ 160X BEAM 549

RUDDER 7'-9" TO 22'-3" FROM SRP ON CENTERLINE ------- 30 3/4" BELOW BASE
PROPS 31'-6"FROM SRP IO'-61'FF CENTERLINE5/S ----- 3'-3 7/8" BELOW BASE

AFT KNUCKLE 103'-O <FROM SRP ------------------ OMIT PIERS AFT"r

CENTERLINE NUMBER 1 BILGE BLOCKS 178'-O" FROM SRP---- ATTENS AFT SIDE "

ROD METER 294'-11" ROM SRP 3'-3 1/2"T0 PORT ------ OMIT PIERS 2'-0" F&A"N
FWD KNUCKLE 466'-60 FROM SRP ------------------ OMIT PIERS FWD'

SONAR DOME 468'-10" TO 506'-4"'FROM SRP ---------- 5'-5" BELOW BASE-

FWD PERPENDICULAR 513'-11"-FROM STERN REFERENCE POINT-'-

nr~DSKEEL RISD59DE v DOCK"
AOA 58 RISE SRP SIDE

RUDDER 574'-0" TO 559'-6 '  0" 376'-6" 205'-3"

PROPS 550'-3"f +3116" 401'-6" 180'-3'.

AFT KNUCKLE 478'-9" v +9/16" 1426'-6m 155°-3
C/L NO. 1 BILGE BLOCKS 403'-90 +1 1/2" 451'-6" 130'-3"

ROD METER 28'-10" "  +1 9/16" 459'-ON 122'-9"

FWD KNUCKLE 115'-3" +I 9/16" '416'-6" 115'-3"
SONAR DOME 112'-11" TO 75'-5"

FWD PERPENDICULAR 67'-1.0" "

FOA 49'-2 11/16"
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.~ 'i USS LEAHY CG-16

SIDE BLOCKS

N,1 B-HB B-HT IC-HT B-HT C-HT

1 13-3-5+ 3-9-6 4-4-1 3-9-6 4-4-1 :"
2 13-5-4 3-3-3 3395 33- -9-5

3 13-7-2 2-10-2 3-4-4 2-10-2" 3-4-4

4 13-9-0 2-6-0 3-0-3 2-6-2 3-0-

5 13-10-2+\ 2-3-1 2-9-3 2-3-3 2-9-7

6 13-11-3 2-0-6 2-7-2 2-1-0 2-7-5

7 14-0-1 1-11-7 2-6-4 2-0-0 2-6-5

8 11-8-0 1-3-1 1-8-2 I-3-3 1-8-4
9 11-7-6+ 1-3-4 1-8-6 1-3-7 .- 9-1

10 11-7-5 OMIT \, OMIT 1-5-0 1-10-4
11 11-7-1 1( -7-0o ' 2-0-0 1-- 2-0-

12 11-6-4 1-9-0 2-3-5 1-9 2-3-5

13 11-5-3 1-11-5 2-6-7 OMIT OMIT

14 11-3-5+ 2-3-1 2-11-2 2-3-1 2-11-f
15 _1-1-1 2-6-6 3-4-2 2-7-1 3-4-4
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ZeahyHorlzontal and Vertical ,
27-J" Stiffness Spreadsheets. . . . L -

HORIZNTAi. STIFFIESS Mmi FOR 4 LAYERS OI6INA. PER DOI U DINS - .

ISS LEW PLKTIC e
THIS IS A SYSTM FOR USS LEMY CG-16 WITH 12 FT BJILDmP
12 FOOT CENES

EI.B T I I WITE
DEPTH TRN SE HEIGHT

El 91 HI I1 Li
(PSI) (IN) (IN) (IN4) (IN)

4000000 42 % 3096576 48

12III/LI'3 6EIII/LI'2 4EIII/L1 2EIII/U

134O4000O 3226000000 10321%O 000 5160MO000O0

RIGIDITY TOP ELI T
61r CONTACT STRAIN SHEA
(PSI) ARA (IN/IN) DEFLECTION

(IN'2 (iN)

2400000 4032 0.0000001033 0.0000049W603

asoT .

DEPTH TRAENS E HEIGHT
E2 62 HE12L
(PSI) (IN) (IN) (N'4) (IN;

400000 42 48 397072 6

12E212/L2"3 6 2 2/L2"2 4E212/L2 2E2i2/L2

64625093.914 213262909.2 93M36364 469178]1P82

RIIDITY TOP qf EtER;,
Gir CONTACT STRAIN SHEA

(PSI) AREA (IN/IN) DEFLECTION
(IN'2) (IN)

24001 2016 0.0000M7 0.001349
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. ..... ..... ,,

E /IT # 3 00
DEF h 71RPI HEGV

E3 33 Ha 13 L
(P1[1 (IN) (INJ (IN'4t (IN,

3352Q 42 64 91704 30

12E313/L3"3 6E313/L3"2 4E313/L3 2M3f/L3

1.3690E+06 2.OM+0 4.1070E#10 2.05.*10

RII17TY TOP 94 ELF-'d4
Gir COlTAT S7NIN SHEAR

(1N'A ) (IN)

23W9 M 0.00015139 0.0004634176

EIB #4 B FIR
DEPTH TMNSVERSE It I

4 K H4 14 LI
(PSI) (IN) (IN) (IN*4t (IN)

4,%2~' 42 26 615i 6

12E414/L4'3 6E414/L4'2 E414/1L4 [4I4L4

RIIDITY TOP SHEA ELENT
6ir CNTACT STRAIN 9" TOTAL

(PSI) AREA (INII DEFLECTION 9

(IN*2) (IN) OWqlTISO (IN)

3474 764.4 0.0003W175 0.00I " 2.7431E-03
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.~w 9I m .

21' -1000 lbs

mI u QmIU.i*4.4) * -150000 11IJ6

e le sE 03 ItM It Ml s 04 a M5 0

5, 1000 1k

qi 1 thIs 0

SLhAD Ume:

on 0.0000260 in

tie O.0000U3 fad

-01 -ie

q3 0.0O57UD in -8M6.7317906 -1743%.6921

to O.O00003426 rad

q4 o0 me5 in -S.937031 -499717.3W4

W1 0.00000749 ra

qS 0.0 n03SWIE-2 in- .

th5 0.0000114% rid

K (= WORIZ) ALL KEEL BLOS 201275M3.1 bs/in 01t5.8E31 KIPS/IN

MATRIX DIELK:

01 -1000.0000

111 : -I50000.0(0

02 0.000

gg 20.0000

M3 0.0000

9M4 -0.0%0

Q5' 1000.0000

TOTAL E BOCK HORIZONTAL STIFRESS EFFICIEWT CMALJ.ATIOI:
LSS LEAHY M- 16 FtAISTIC

Kik (SlDE HORIZOINTAL STIFNESS) • P/(INS6 0ISPL + SHEM DISPI.X 4")

hk - 19362.33 KIPS/IN (ENTIRE KEL. M S%9T1
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V-J&

NOizONTAI. STIFFESS MTRIX FOR 4 LA*WMI OR161K PR D0I1U D1UIWIM 1B7

IN LUNYMWSIC
THIS IS A SIM KOCK SYSTEM FOR15B LEARY M-16 WITH 12.5 FT MULBP
12 FOOT CENTEP

a" i I cmic
DEPTH TWIMER HEIT

El 91 Hl II LI
(PSI) (IN) (IN) (1r*4) (IN)

400000 168 3793M0 4a

12EIII/UI3 6E11/L1-2 4E112/L1 2EIfl/Lj

1646400000 395136000012M44352000000 6M760000

RIGIDITY TO EAR BMWEN
SIr CONTACT STPMIW 5MAR

(PSI) ARA (IN/IN) DEFLECI IO
(1N'2) (IN)

2400000 16138 0.00000002% 0.000001201

SWEN 32 WONRU
DEPTH WAsWE WEIGHT

E2 92 12 1.2
(PSI) (IN) I)14()

4000000 4 100 400000 66

l1I/L2*3 60121 4E212/U2 2E212/L2

66793578.58 22357493 %96%5%97 4~66466648

RI6IDITY TPSEW ELIENT
Sir CONTACT STRAIN MEAR

(PSI) AFA MIUMI) DEFLECTION
CIN^2) (IN)

24000 3360 0.00000024 0.000001845
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n NT13 OA
mmT TRAIFM WE laiT

E3 is N3 13 L3
(PSI) (IN) (IN) (IN14) (IN)

3357 50 93 3351487.5 57

12E313/L3 68313/1.32 E33/L3 2E313/L3

7.L9O+E.07 2.0779E409 7.8959E.10 3.9479E*10

RI61DITY TOP MAR saw
Sir CITCT SMIN SW

(PSI) o (IN/IN) KR.EMIIaI
(INE) (IN)

2M 460 0.0000068 0.0005111797

a eir *4 SLAS FIR
tOTH TNW E NIW

Ell I4 M4 14 LB
(PSI) (IN) (IN) (IN4) (IN)

46629 28 is 130 6

12E414/L4"3 6E414/L42 44 44/4 K414/L4

3.6764+07 I.1029E*08 4.4116E.6 P.20.09

RIGIDITY TOP SEAR BMW
Sir C(TACT STRAIN MER TOTM.
AD No (IN/IN) ZMF.ECTION fEA

(IN*2) I IN) MULECIION (IN)

3474 504 0.000571214 0.003417310 3.947W-'03
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KOM VSIM:# * SW19I Lm 14

SI' -100 0th

III a 01'(12L''.3L) a -177000 USIJ

ISa 1000 bs

4 a thla 0

SOLYD LIOmS:

ow O.00000E22 in

th2 0.0000000M rad

-91 -Be
43 0.000011912 in -U9.W WK6 -50U7.507

th3 0.0000004444 rad

44 0.000107K in -3307 .36445 -137531 .70MW

Wh 0.00W005 rad

45 0.000eem% in 5 .. 5 IBi'~4

th5 0.00055 rid

K (WID NORM FO I StIDE BLOC 9VW700.U6 lbsini 1M7.00018 UPS/IN

K (IM 101Z) AL SIDE BLOCKS 129E2011.571 Ibs/in 12.01571 KUPS/IN

91 a -1000.0000

MI a -177000.0000

02 . 0.0000

Fe a 0.0000

03 * -0.0000

M3 x 0.0000

94 - -0.0000

M4 * -0.0000

g5 2 1000.0000

1TTA SIDE R0 HOIZONTAL STIFFNESS COEFFICIENT CmATION
S LE"PLKWIC -

Kiwi (S1.EOC HORIZONT. STIFFlES) z P/ (EIMI DIWI. + W13 OISLUMET)

Kiwi a M3.37 KIPS/IN (PER 3.00(1

*9w a 3351.12 KIPS/IN (ENTIRE SIDE ILOCK SYSTER
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No1O RM~ *~Y1lJ s 14

* HI a 9). (.Ist2'33,O a -177000 WS

*aI 11115k

4 a this 0

q2' 0.0000012124 in

Wh 0.0000000491 rad

-31 -M
q3 0.Mo0019U In Uu.027P6 -I0U730S7

Wh 0.0000004014 rid

44 0.00010794 in -3307.3VA4W -137531.7=1

th 0.000019w rid

45 0.00cue70S in -52W.35021A I 89(/' '44"?

ths 0.00011 rid

K MM~l lO1Zi Vl I SIDE BLOC a V300.UI 1k/in f73.0012 KIPS/ZI1

K WOl W5hZ) IL.L SIDE BLOCS a12992201.571 lbs/in 12M2.OtI571 KIPS/IN

al a -1000.0000

NJt a -1770M0.0000

Fe a 0.0000

Qq 2 0.0000

M3 2 0.0000

24 -0.0000

M -0.0000

g5 2 1000.0000

M5 x -0.0000

TTOL SIM E W lMIZ(TAL STIFFIESS COEFCIBT CA.OUTION:
USS LOWf RWIC

Khs (SIDOLK M1IWW1 STIFFNESS) a P/(EIS DISPI + IE* DIPLCOT)

KMs s 239.37 KIPS/INi (PER 3.00(

KMs 2 3351.12 KIPS11% WOlIFE SIDE I.C SYSM)I
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PV27-3m- U - -. .,

HORIZONTAL STIFFNE MTRIX FO 4 LAWYS OISIN. PIm M IS 00011111 -6 " -

(U LWHY Ea IC
IIS IS A KEEL SYSEM FOR LIS LEARY -I6 NiN le FT MLtR
12 FOOT CiTM

I" TBANIUE NEW1
El It HI 11 LI

(PSI) (111 (IN) (1114) (IN)

4000000 42 3 0% a

12E111/I3 EIil,/LI'2 4EI111Lt ZE111/1.1

1344000000 32510M0000 1032132M00000 516091000000

RIGIDITY TOP SHE ELEMENT
Sir CONTACT STRAIN NA

(PSI) A (IN/IN) DlTLECTIWE
(INII( (IN)

2400 4032 0.0000001033 0.0000049603

ELB T 02 m
DEPTH TR I HIGT

E2 BEH 12 L2
(PSI) (IN) (IN) (1N4) (IN)

4000000 42 48 3l77 66

12E21212 6E212/L22e QE12/1.2 222/1.2

64625M9.914 213262S9".2 938356363f4 4697811,3

RIGIDITY TOP HR ELERENT
61r CONTACT STRAIN E

(PSI) AEA (IN/IN) EULECTION

2400M00 2016 0.0000002067 0.0000t31409
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a .Ig T3 O~

DEPTH TNSVR HEIG4T
E3 is H3 13 L3

(PSI) (IN) (IN) IIN 4 IIN)

335720 42 64 917504 3

12313/L3'3 631311.31 4E313/L3 2013/.3

1.3690E06 2.05E09 4.1070E+10 2.053%*10

RI6IDITY TOP SHE E£N
Sir CONTACT STRAIN SEi

(P)S I AK A (N/.)N) DEF: I: K I ]IL&

1INI) fIN)

2390 206 0.000015139 0.0004654176

ELDIEr *4 8.XGAS FIR
DEPTH T 6(~WE HEIWT

E4 84 H4 14 3
(PSI) (IN) (IN) (IN*41 (IN)

175549 42 26 61516 6

12E414/L4"3 6E414/L42 4E414/14 2E414/1L4

S..9M 406 1.7q'009 7.1994E+09 3.5997E.09

RISIDITY TOP SHA ELBN
61r CONTACT STRAIN SHEAR TOTAL

(PSI) ARA (IN/IN) DEFECION 9E..r
(IN'2) (IN) DFLECT ION (IN)

12539 764.4 0.00010432" 0.00062 1 t.1O0DE-03
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KM YALM: OFS gTMEN LOMS 60

i x -1000 lbs

Ml 8 QW1(L142 -340) -15M0 IlLS

2 a HE a 93 M N4 04 M 5 0

05 a 10001kb

QJ a this 0

42% 0.0000124619 in

thE 0.0000004U rad

q3 0.000157e66 in -46.7317 6 -1743%.69e1

th3 0.00000341% rid

44 0.000M in -29566.9370?1 -499717.3 P

th4 0.000005474 raid

q5 0.000337615 an in . ; :'.:"1

tl 0.00071417 rid

K (BEIN WORIZ) FOR I EEL LOCK x 3354597.0517 lbs/in 3354.5970517 KIPS/IN

K (BE' IHIRZ) A.L KEEL BL.OCKS - 02'?.:..' ;' 1 ,.-

MATRIX ODC:

91 : -1000.0000

M1 * -15 iM)0. ,,i

92 0.0000

re 0.0000

3: 0.0000

04: -0.0000

25:a 1000.0000

S a 0.0000

T0T4 KELL. LOCK HIIZW4TA STIFFNESS COEF ICIENT C.ILATION:
USS 1.£MW Cr-I6 ELATIC

Khk (SIILMX NOIZOMT*L STIFESS) P/(KNDINB DlSPL * 3W DISPLA9)4

Klk z 690.79 KIPS/IN (PER LOCK)

*k 41447.53 KIPS/IN (ENTIRE KM L SYSTEA)
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0UiWI.A STIFFlK MATRIX FOR 4 LAYERS IN161M. PER .MI. WIN6 1'

- LE" VaTIC
THIS IS A SIDE W SYSM FOR L (Y-16 U1W 12.5 FT lIJIDF
12 FOT CO S

DEPTh TWA M WEIGHT
El %1 Hi I1 Ll

(PSI) (IN) (IN) (IN'4) (IN)

4000000 56 169 33M 48

12El11/L1"3 6E111/LI"2 4111ULI 2E111/I.!

164640000 39513%000000 12435200 0 6M O17 00

RI61DITY TOP SHEA BW
Sir CONTACT STRAIN SHEAR
(PSI) ARE (IN/IN) DEFLECTION

(IN'2) (IN)

2400000 16129 0.0000000250 0.0000012401

EIBX # 2 CFT
DEPTH Wksm IH

E2 e Q 12 L2
(PSI) (IN) (IN) (IN'4) (N)

400000 48 100 400M00 66

12E22I2L3 6E212iL2VB VF2112 2022/1.2

66793579.58 MM7493 %%%%%56997 4849484048

RIGIDITY TOP SLRJOT
Sir CONTACT STRIN SHEA
(PSI) (IN/IN) DEFLCTION

(IN'2) (IN)
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ELBe 13 OA
OEPTH Tw6VERSE NEIGT

E3 33 13 U
(PSI) (IN) (IN) (IN'4) (IN)

33M 50 93 3351467.5 57

12E313/L3*3 6E313/L32 41313/L3 2E33/L3

7.2907E07 2.07 409 7.8M5 '!-0 3.4:^-i

RISIVITY TOP DEAR ELENT
GIr CONTACT STRAIN sCm

(PSI) AA IN/IN) DEFLECTION
(Z°) (IN

230 4650 .00000%8 O.O I 1787

.BIENT # 4 OIRM FIR
OEPTs TRWS.EhlS(

E4 4 14 13
(PSI) (IN) (IN) (IN'4) (IN)

17549 28 is 13606 6

12E414/L4"3 6E414/L42 4414/14 2E414/L4

1.327E#08 3.3914E.06 1.5!1. 09 7."' -(IF

RIGIDiITY TPx c Ei~pl,.
Gir CONTACT STRAIN MEW TOTA.

(PSI) ARA (IN/IN) MDELT I [t. %(AR
(IN'2) (IN) DEFLECTIOm (IN)

12539 504 0.000158241 O.00"940"6 1.47001-03
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C; C
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am y4m: OCF60S1UlPDa= 24

21 a -1000 lbs

NI O L 2I.341.4) -177000 101.

92 a a 03 M M 04 A5 0

0 aO00Ibs

qI 2 this 0

*a 0.000012224 in

tW 0.0000000494 rid

-1
q3 0.000018M in -M.02W -20M.5017

t3 0.00000 4 rid
q4 0.000078 in -3307.34645% -13791.705M

th4 0.000=19M rid

5 0.0005 5J337 in -16194.7430109 -5??27.OM

thS 0.000009771 rid

K (lO N4RIZ) FOR I SIDE I.OC 9 .273M000.1:5 lbs/in W73.0. 5 KIPS;I?.

K (IN3 HORIZ) ALL SIDE BLOS S t I 2E0E :l. .1 Ibs'ir, I . (,I .1 . .

MATRIX DCKD:

NJ a -0 ,O000

G . 0.0m00

Me 0.00m0

g3 2 -0.=00

M4 x 0.0000

9 • 0.000

05 2 1000.0000

M5 2 -0.0000

TOT. SIDE LO( HORIZONTAL STIFFNESS COEFFICIENT C LDLATIOM:
LFS LEM{Y ELASTIC

Mbs (SIOML ,OR'IZONTA. STIFESS) - P/(D6iDIN DIL. * E 0lSPLAMT)

Khs 2 6k.?5 (W. (F, Ert

Kbs ; 9635.99 KIPS/IN (NTIRE SIDE 3M SYSTEM)
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ULh L t""LU

YWTI.JA STIFFIE C.WCLATIW6 F 84N !1Z

MILL 8 YT 16 IWIS PLAN I971174I7 FEY 1 - -- ,

611191 0 IAS LEAf! XEL ILOD GRISIM FER IWIN 1UIS

1.0 94 12.00 F,.T

VPIICA. STIFFESS:

PIE
LEVEL. MTERIAL E WITHN WIDT 11! WNt K IIK MUAL K
I (PSI) (IN) (IN) (1NI (K! " (KIF,

(DEPTH) (TRANRSE)
(B) (H) (W

I DA.I 12539.19 42.00 26.00 6.00 W.13 0.00043i 109.18
2 A 23.00 42.00 64.00 30.00 2148.61 0.00046"4
3 CM TE 400000.00 42.00 48.00 66.00 122181.8 0.00000
4 MWAETE 4000000.00 42.00 9.00 48.00 336000.00 0.000000

1845.83 12.50
I TDTI. STIFF

Wms 60 OFRMSY
(Klt .",:

6,5Mq.62

235I

- -- " .iii l l i m ll ill li ~235



ou . W LE C

WETICAL STIFFE CA.LATIONS . A,....

"L. TYPE 16 DOCIN6 PAN # IMI41 V I

SYSTEM I I ELASTIC SIDE LOC OI6I1 PER W0INS DINI

LOCK WAIN 12.00 FEET

WRTICAL STIFFNESS:

PIER

LEWEL 1MTUIAL E LENGTH WIDTH HEIG4T K /K TOTAL K

I (PSI) (IN) (IN) (IN) (KIPS/IN) (KIPS/IN)

(DEPTH) (ThSWRSE
(8) (Hi (U)

I .FIR (1,..19 29.00 18.00 6.00 1053.29 0.000o94 682.70
2 Ow 2396.00 50.00 93.00 57.00 1956.5 0.00011!
3 CONCRTE 4000000.00 48.00 100.00 66.00 29090 .09 0.00000"
4 CO TE 4000000.00 9.00 168.00 46.00 14o0.00 0.0000

177.00
177.00

6 0.00 1 TOTAL STIFF
LOCS 14 OF Lam SY

(KIP5/IN):

7.85

u 5 L~A-

IJ. TYPE 160DO(1(6 P9.Ad0 194841E1 " - "

sYSTEM. I 1PLASTIC SItE PJOWXS OI6IM I PIER 000(1N6 PAIIElf

VERTICAL STIFF ESS:

PIER

l (PSI) (IN) (IN) (N) (KIPSIIN) (KIPS/INI

(DEPTh) TTIFENES
(P) (HI (LI

I D.FIR 3473.50 28.() 18.00 6.0 21. O.a ,- I.

2 O 23960.00 48.00 64.00 57.00 1130.5 0.0000P3

3 COCaTE 4000M0.00 48.00 100.00 66.00 2"099.09 0.0000a94

4 CWf 400M0.0 96,00 168.00 48.00 IM4M.00 0.000 7
177.00
177.00

W5.00 I 0~
14 F LOCK SY

(KIPS/IN):

343.91
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Rotational Momentof Inertia

Calculation for UIS SZeahy•

ROTATIONAL MOMENT OF INERTIA CALCULATOR ABOUT THE KEEL:

SHIP NAMEs USS LEAHY CG-16

Ikeel a lxx + T^2*/g

T = ship's calculative draft = 15.25 FT = 183 IN

Ikeel - 2537275. KIPS*SEC^2*IN

lxx = (W/g)*kxx-2 - mass moment of Inertia about the roll axis

IxX - 1449223. KIPS*SEC^2*IN

W a ship displacement - 5600 TONS - 12544 KIPS

g - accel. of gravity - 386.09 IN/SEC^2

kxx - 0.64 * B/2 Radius of gyration about the roll axis
from Introduction to Naval Architecture Page 272

for Destroyer type ships

B = ship's beam - 55 FT = 660 IN

kxx - 211.2 IN
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-3DOFRUB- USSLeahy Input Data File

***SHIP/SUB DRYDOC, BLOCVING SYSTEM*.. DATA FILE: B:LEAHTRUE.DAT

** *INPUT FILE DATA*..

SHIP NAME: USS LEAHY CG-16

DISCRIPTION OF ISOLATORS IF USED: NO ISOLATOR ALL BILINEAR
DISCRIPTION OF BUILDUPs 12 SPACING COMPOSITE
DISCRIPTION OF WALE SHORES USED: NO WALE SHORES

DISCRIPTION OF DAMPING: 5 % DAMPING
LOCATION OF DRYDOCK BEING STUDIED: LONG BEACH NAVAL SHIPYARD DD # 3
NAVSEA DOCKING DRAWING NUMBER: BUSHIPS 194S741 REV.1
REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: LEAHKHEL.WKI LEAHKVEL.WKI ETC.
MTSC. COMMENTS: LEAHTRUE.DAT 1318 28 JAN 88

SHIP WEIGHT (KIPS) W- 12544
HEIGHT OF .G (IN) H- VG&U4
MOMENT OF INERTIA (KIPS.IN*SEC'2) Ik= 2537e75
SIDE PIER VERTICAL STIFFNESS (KIPS/IN) Kv$= 9557.849
SIDE PIER VERTICAL PLASTIC STIFFNESS (P-IPS/IN) Kvspi 3243.91
KEEL PIER VERTICAL STIFFNESS JIPS/IN) KVK- 65590.62
HEIGHT OF WALE SHORES (IN) AAA- Q

WALE SHORE STIFFNESS (kIPS/IN) K:S= 0
SIDE PIER HORIZONTAL STIFFNESS (KIPS/IN) HS- S635.339
KEEL PIER HORIZONTAL STIFFNESS (KIPS/IN) KHK= 41447.53
SIDE PIER HORIZONTAL PLASTIC STIFFNESS( :IFS/IN) KSHP= 3251.12
FEEL PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) fKHPa 19362.33
RESTORING FORCE AT 0 DEFLECT KEEL HORIZ (KIPS) DI- 29970.73
RESTORING FORCE AT 0 DEFLECT SIDE HORI= (FIPS) 002= 4015.69

RESTORING FORCE AT 0 DEFLECT SIDE VERT (IIPS) QD3= 2097.55
GRAVITATIONAL CONSTANT (IN/SEC 2) GRAV= 386.09

SIDE BLOCK WIDTH (IN) SBW- 126
KEEL BLOCK WIDTH (INY& KBW= 108
SIDE BLOCK HEIGHT (IN) SBH= 181

KEEL BLOCK HEIGHT (IN) KBHm 150

BLOCK ON BLOCK FRICTION COEFFICIENT Ulm .3

HULL ON BLOCK FRICTION COEFFICIENT U2- .5
SIDE PIER TO SIDE PIER TRANSVERSE DISTANCE (IN) BR- 239
SIDE PIER CAP PROPORTIONAL LIMIT SCPLa .7
KEEL PIER CAP PROPORTIONAL LIMIT vKCPL= .45
TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN 2) SAkEvwA= 7.
TOTAL PEEL PIER CONTACT AREA (IN 2) KAREA- 60430
PERCENT CRITICAL DAMPING ZETA- .05
HULL NUMBER (XXXX) HULL* 16
SYSTEM NUMBER (XXX) NSYS= I

CAP ANGLE (RAO) BETA- .435
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Zeahy Cap Angle Regresslon Analysis

CAP ANGLE ANALYSIS U PAGE I f4 H It -'-N 04

USs LEM4Y C-16 AIaSIS
DuRIN THE 1 OCT 87 WHITTIER EARTHQUAKE

EXCITED BY THE DRY DO 1 2 A4CCELERATION TIME HISTORY

CAP AM6LE ANALYSIS:

TRANSERSE DISTANCE BETWEEN B AND C ACISHTS I 18iN

BLGCK CAP CAF B B C C FAILURE
I NGLE 446LE 41WH7 TOTAL HEIGHT TOTAL MODE

(MD3) !DEG) :4: tEISHTHS) il1) FM iIN) EIGHTHS) (IN)
------------------------------------------------------------------------------------------------------------

:5 0.533 33.4 : 36.75 3 4 2 40.2! SISLIDE14 0.085 287 : 27.13 2 It 2 35.25 SISLIDE
U 0.426 24.4 1 S 2!.63 2 7 30.86 SISLICE
7 0.386 22.1 : ' 2.6 2 6 4 30.50 SISLIDE

12 0.386 22,1 1 0 21.00 2 3 5 27. 63SSLIDE
6 Ml-6 2224.75 2 7 2 31.25 SBSLIDE
: . 21 .= 45 75 4 4 i 52.11 SISLIDE
4 t)7 ' .7A 0 70.00 3 0 3 36.38 SISLIDE

0. 62 20.. ' 2 34.25 3 4 4 40.50 SILIFTOFF
2 0.362 27 3 7 1 39.38 5 9 45.63 SDLIFTOFF

5 '3.362 ̂ .7 2.I7.13 2 1 32 33.8 SILIFTOFF
10 ).2;S :a.1 9 ) 17.00 t 10 4 22.50 SILIFTOFF

).300 :2 I 4 15.50 1 8 6 20.75 SILIFTOFF
8 ...9 1.15.3 1 20.25 SILIFTOFF

II 0.235 lb.! 1 ' 0 19.0 2 0 0 24.00 SBLIFTOFF

CAP FAILED RESRES6 MEKSJ;ED

AN6LE 5LICINS CATA BLCC DISPLACEMENT
1DES D. IN

.~.40 4'73 5,4% 52 Ocresslafi Cutout:

24.34 %,0% 4.1 9t 9'- : Est b.05812
24.41 #2I.0 P5% iruarec r67-220 110.6 10.0 :2,750 o. ,n O', .,xc "s"12

21.04 11a,o% ,5%, 0.56 Deqrees 3 Fres, 10
21. ' 11:6.oX 114,2% 0.3'S
20.73 125.61 1 ,d1 0.3'S 1 Co,:e;; ent~s: -0609622

16.0' :34.o% 131.6% S E" '?2 e'. 0.00:496

1720 T4.aT :32 16,,I
16.34 1 % 1,4.... .......
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"3DOfFRUB" U,& Z,&eky Output File

*aau System 1 U...

U. Hull 16 **

a Ship Parameters a

Weight Moment of Inertia K.G.
15232.O kips 3038013.0 kips-in-sec2 180.0 ins

* Drydock Parameters *

Side Elock Height Side Block Width Keel Block Height Keel block Width
131.0 ins 163.0 ins 150.0 ins 108.0 ins

Side-to-Side Pier Distance Wale Shore Ht. Wale Shore Stirness Cap Angle
289.0 ins .0 ins .0 kips/in .426 rad

iSide Side Pier Contact Area Total Keel Pier Contact Area kkhp
7056.0 in2 60430.0 in2 19362.3 kips/in

B/B Friction Coeff H/B Friction Coeff kshp kvsp
.300 .504 3351.1 kips/in 3243.9 kips/in

Side Pier Fail Stress Limit Keel Pier Fail Stress Limit DDI
.700 k zps/in2 .450 kips/in2 29970.7 kips

Side Pier Vertical Stiffness Side Pier Horizontal Stiffness QD2
9557.'9 kips/in 8635.9 kips/in 4015.7 kips

Keel Pier Vertical Stiffness Keel Fier Horizontal Stiffr, - or(-:
65590.6 kiDs/in 41447.5 kips/in 2097.6 kips

* System Parameters and Inputs a

Earthquake Used is 1 OCT 87 WHITTIER CA

Horizontal accelerat,n input is LBNSY DD2 TRANSVERSE COMPONENT

Vertical acceleratiun input is LBNSY DD2 VERTICAL COMPONENT
Earthquake Acceleration Time History.

Vertical/Hori:ontal Ground Acceleration Ratio Data Time Increment
1.0 .010 sec

Gravitational Constant % System Damping
336.09 in/sec2 5.00

Mass Matri.- .

39.4;51 . u')o.) 71 01 .
, 3'9.•4519 .03.40V

710u1 .34 4 .(000 3038013. 000f.)

Damping Matri<

131 . 3605 .000 7'48.09S -:
. 0001) 132 • 3067 .0000

7408.093 .0000 3426523.943S
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Stiffness Matrix'

• 0000 34706 .3200 0000

535425. JO0 .0000 3S8054529 • 468

Undamped Natural Frequencies Mode *1 Mode 02 Mode 03

11.266 rad/sec 50.533 rad/sec 46.337 rad/sec

Damped Natural Frequencies Mode #1 Mode 02 Mode *3

11.251 rad/sec 50.469 rad/sec 46.279 rad/sec

For Earthquake Acceleration of 100.00 % of the 1 OCT 87 WHITTIER CA

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

-------- -- ---------------------------------------------

Maximum X -.013138 1:" 1"

Ma :imum Y -. 405077 6.16

Maximum Rotation .000945 ;.11

Side block sliding .01176 .000190 .000856 9.07

For Earthquake Acceleration of 90.00 % of the I OCT C7 WHITU1EK CA

Ma:,::imums/Fai lures X (ins) Y (ins) Theta (rads) Time (sec)

- - - - - - - - - - - -- - - - - - - - - - - - - - -

Ma imum X -. 011224 13.77

Ma.xi mum Y -. 00451.) 6.10 :.

Ma.ximum Rotation .000851 9.11

No failures occurred.

For EarthquaLe Acceleration of 9.00 % of the I OCT 87 WHITTIER CA

Ma imums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

-------- ---------------------------------------

Ma:'imum X - .0130.)7 1- .77

Ma- ::imumi Y - .005027 6. 1E,

Ma;,imum Rota tion .00093 . 14* 11

Side block sliding . 1650, .00098,1 .000S48 ";.7

For Earthquake Acceleration of 'n.00 % of the 1 OCT 87 WHITTIER CA

Ma.-imums/Failures X (ins) Y (ins) Theta (rad ) Ti i- s-

-----------------------7----- -------- ------------- -----------

Maximum X - .Cj1 ?7# 1. .77

Ma imum y -. 004976 ,.16

Ma imum Rotation 
.000'26 . I

Side bloc- sliding .011532 .000971 .0003 3 c)7
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For Earthquake Acceleration of 97.00 % of the 1 OCT / WIi 1-h K.'

Maximum x - .012744 13.77
Max i mum Y - . 00492-. 6. 11;.
Maximum Rotation .000917 1.11

Sid* block sliding .011415 .000961 .000830 9.07

For Earthquake Acceleration of 96.00 % of the 1 OCT 37 WHITTIER CA

Ma;Imums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Ma :imum X -. 012613 1:.
Maximum V -. 004874 6.16
Ma;,imum Rotation .000907 9.11
Side block sliding .011507 .001823 .000856 9.08

For Earthquake Acceleration of 95.0 of the 1 OCT 87 WHITTIER CA

Maximums/Failures X (ins) Y (ins) Theta (rads) Time tsec)

Ma", imum X -. 012481 13.77
Ma.< I mum V -. 004824 6.16
Maximum Rotation .0008,s 9 .11

Side block sliding .011S87 .001204 .00084 .

For Earthquake Acceleration of 94.00 %A of the I OCT 87 WHITTIER CA

Ma;imum/Fallures x (ins) Y (ins) Theta (rads) TimP e.-,

Ma, imum X - .Z1-5, 1 .//
Ma,:imum Y -. 004773 6.16
Maximum Rotation .0(03,'. 9.11

Side block sliding .. 11267 .001735 .00833 C.S

For Earthquake Acceleration of 93.00 % of the 1 OCT 87 WHITTIER CA

Ma' imums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Maximum X -. 012219 13.77
Maximum V -. 004722 6.16
Maximum Rotation .000879 9.11

Side blocP sl ng .C 11091 .002500 .000854 9.09
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For Earthquake Acceleration of 92.00 . of the 1 OCT 87 WHITTIER CA

Ma:mums/Failures X (ins) Y (irA T r- ,

-- - - ---------- ------ -------- ---------- ---------

Max imum X -. 012087 13.77

Maximum Y - .:604671 6.16

Ma ,imum Rotation 
. 7( 9.1

Side block sliding .01.0;72 .002473 000845

For Earthquake Acceleration of 91.C0 . of the I OCT 87 WHITTIEk CA

Ma<imums/Failures X (ins) Y (ins) Theta (rads) Time (seec)

--- - - -- --- --- --- --.0 1 5 -- - -- -- - - -- - - - -- - -

Maximum X 0 119156 13.77
Ma.mu Yf~l -. 0&
Max<imum Rotation .00086o *11

No failures occurred.
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APPENDIX 4

1. California Division of Mines and
Geology Report onl I October 1987
Whittier

2. Survivability comparison
Spreadsheets

245



California Division of Mines and
Geology Report on 1 OCtober 1987
Whittier Earthquake ...

j- IA1I0 ChSji A-1641 Pi6SO'.CIS ACANtCV Co.~___

TOFC OF STRONG MOTION STDtIErS

From Tony Shakal and Staff 7,
California Strong Motion I strumentation Programi (Csip)
Division of Mines and Geology/Department of Conservation

Subject: CSMIP Records from Whfrittier Earthquake of ctober 1 * 1987

Accielercerafg of particular Interest recorded at CSMIP stations during the October 1 earth-
quake near Whittier, 15 km east of downtown Los Angeles, are attached. Over 35 records have
been recovered at this time; recrd recovery from outlying stations is still underway. We
estimate that over 100 CSMIP stations have recorded the earthquake.

The map in Figure I shows the locations of the stations for which records are includoed here
and described below. The map also shows the locations of some of the other CSMIP stations
from which records are being recovered. Table 1 lists preliminary station epicentral
distances and, when available, Peak acceleration values.

Ground-Response Stations:
0 Alhambra - Closest CSMIP station to the epicenter (7 km); instrument in a i-story schoo.
c, Obreaon Park - Largest CSMIP ground acceleration, 45% g horizontal.* was recorded at this

station approximately 10 kw from the epicenter. The instrument is in a small building.
o San Marino - Closest station to northwest, relatively low amplitude (20% g).
c, Downey, Inglewood, 116th St. School - The1s records from close-in freefield stations to t.

west of the epicenter are also included for reference.

Structures:
o, Admin. Bldg. - Cal State Univ LA. Nine-story reinforced concrete building sbout 10 km fm.

the epicenter with a "soft first-story- design very similar to the Imperial County Service
Wailding in El Centro. Maxinm acceleration of about 40R g at the be, andA 50% g at the
roof. For ompaison, the 1979 Imprial Co.mty Services Wilding record had a peak value
of about 35% a at the base,* and 60R x at the roof. The CSULA recrd is shorter in
duration, and has less long period energy than the 1979 record. This CSWA building is
near the Parking structure where the news reported a fatality from a falling concrete slat

o Lcs Angeles - Sears Warehouse. Large 5-story reinforoed-concrete fr, building about 14
ke from the epicenter. Peak acceleration was 18% g at the base and 24% g at the roof.

o, Burbank - Records from two buildings in the Barbank area, 25 km northwest of the epicente!
are included. A 6-story steel frame building had a base accleration of about 25% S. and
roof acceleration of 30R g. A nearby 10-story reinforced concrete buailding had a roof
acceleration of 55%.

Although definitive patterns await fu.rther data, it appears that San Marino, South of
Pasadena, had relatively low shaing (20R g) though only 10 ke from the epicenter. Many mc:
distant stations have greater amplitudes. Pomona, 30 km east of the epicenter, had only 5%
ground acceleration (record not shown here), much~ lower than stations at a similar distance
to the West. A low accleration record (5% X) ws recrded at the base-isolated County
building in Rancho Cucamonga. Some of the buildings from wichid records were recovered
m.ffered damage during the earthquake; damage information is incomplete at this time.

A itandard data report on all (SMIP . rds will be cmleted in several weeks. To allow
ravid distribution of these recrds, copies are being sent to only a subset of our normal
mailing list. You may wish to make more copies to di~stribute to your colleagues.
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L4

Los Angeles - Sears Warehouse
(CSMP Station No. 24463)

INSTRUMENTATION LAYOUT

Ductile Reinforced Concrete

".;-". Perimeter Frame Designed in

Accordance with the 1970 Los

W/E Elevation Angeles Building Code

Designed in 1970

23
F 10

Roof Level

4 5

3rd Floor -

7 O' 9.14

jBj 
13

2nd Floor Basement
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APPENDIX 5

1. 113DOFRUB", Isolator (EL Centro)
Input Data File

2. 113DOFRUB" Isolator (EL Centro)
Output File

3. 113DQFRUB' Isolator (NORM DD2)
Input Data File

4. "3DOFRUB" Isolator (NORM DD2)
Output File

5. Isolator Equivalent Modulus
St iffness Spreadsheets

6. Required Isolator Characteristics
Spreadsheet
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"3DOFRUB" Isolator (EL Centro)
Input Data Flle . . . ....

***SHIP/SUB DRYDOCK BLOCKING SYSTEM**" DATA FILE: b:Se9IGOOD.DAT

***INPUT FILE DATA*** "

SHIP NAME: LAFAYETTE SSBN 616
DISCRIPTION OF iSOLATORS IF USED: ." RUBBER CAP W/ ISOLATORS
.ISCRIFTION OF BUILDUP: S SPACING COMPOSITE
DISCRIPTION OF WALE SHORES USED: NO WALE SHORES
DISCRIPTION OF DAMPING: 8% DAMPING
_OCATION OF DRYDOCK BEING STUDIED: NO SPECIFIC LOCATION

NAVSEA DOCKING DRAWING NUMBEk: &45-'O.(..,
REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: S15[VEl.WK1 ETC.
MISC. COMMENTS: S,91RISO.DAT 1245 15 FEB ,I

PRESS ANY KEY TO CONTINUE...

SHIP WEIGHT (KIPS) W- 16369.9
-4EIGHT OF KG (IN) H- 193
M1OMENT OF INERTIA (KIPS*IN#SEC"2) Ik- 2410451
SIDE PIER VERTICAL STIFFNESS ('IPS/IN) Kvs- 1303.23
SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Kvsp- 4093.1
KEEL PIER VERTICAL STIFFNESS (LIPS/IN) KVK- 8062.08
-.EEL PIER VERTICAL PLASTIC STIFFNESS(KIPS/IN) KVKP- 22101.-i
4EIGHT OF WALE SHORES (IN) AAA- 0
,JALE SHORE STIFFNESS (LIF'S/IN) KS- 0
3IDE PIER HORIZONTAL STIFFNESS (LIPS/IN) FHS= 55

EEL PIER HORIZONTAL STIFFNESS (KIPS/IN) FHK= 271.91
SIDE PIER HORIZONTAL PLASTIC STIFFNESS:,CIPS/IN) LSHPX 11.12

-EEL PIER HORIZONTA6 PLASTIC STIFFNESS(k'IPS/IN) KKHF= Q2.:O2
R ESTORING FORCE AT 0 DEFLECT KEEL HORI: (KIPS) Di,- I 2.08
RESTORING FORCE AT 0 DEFLECT SIDE HORI, (KIPS) OrE= 18.4
'ESTORING FORCE AT 0 DEFLECT SIDE VERT (LIPS) OD-3-177S.63

-RESTORING FORCE AT 0 DEFLECT FEEL VERT (KIPS) QD4=-9'577.03
3RAVITATIONAL CONSTANT (IN/SEC^E) GRAV= 3,6.0*9

:'RESS ANY KEY TO CONTINUE...

IE ELOCf WIDTH '.IN) SBW= ?9

tEEL E:LOCI WIDTH (IN) W= "
SI, E BLOC? mEIGHT iIN) SBH= 75
EEL BLOCK HEIGHT 'IN) KBH= E

ELOCI ON BLOCKL FRICTION COEFFICIENT Uj= '
HULL ON BLOCf WRICTION COEFFICIENT U2= .715

SIDE FIER TO SIDE FIER TRANSVEF:SE DISTANCE t!N' PR= 144
SIDE FIER CAF' PROFORTIONAL LIMIT SCPL= .7
EEL -IER CAP PROFORTIONAL LIMIT FCPL= .7
TOTAL SIDE PIER CONTACT AREA (ONE SIDE) (IN'2 SAREA= 8352
TOTAL iEEL PIER CONTACT AREA iIN 2> iAREA= 55440'
FERCENT CRITICAL DAMPING ZETA= .08

HULL NUMBER (XXXX) HULL= 616

SYSTEM NUMBER (Y)X) NSYS
= 

S'.I

CAP ANGLE kRAD) BETA= .377

FRESS ANY KEY TO CONTINUE...
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7 7 7

"3DOFRUB" Isolator (EL Centro)

Output File . . . . . . . . .

*4 Hull E16 **

* Ship Parameters 4

Wexcht Moment of Inertia F .G.
116369.9 Ics 2410451.0 lips-in-sec2 1 . ins

D Drydock Parameters *

Side Plocl Height Sice lock Width ieel Block Height Keel Block Width

75.0 ins ins 61.0 ins 999.0 ins

Side-to-Side Pier Distance Wale Shore Ht. Wale Shore Stiffness Cap Angle

144.0 ins .0 ins .0 kips/in .377 rad

ISide Side Pier Contact Area Total Keel Pier Contact Area kkhp

8352.0 in2 55440.0 in2 42.0 kips/in

B/B Friction Coeff H/B Friction Coeff Ishp kvsp

9.006 .750 11.1 kips/in 4093.1 kios/in

Side Pier Fail Stress Limit Keel Pier Fail Stress Limit kvkp

.700 kios/in2 .700 kios/in2 22101.3 kios/in

Side Pier Vertical Stiffness Side Pier Horizontal Stiffness

1303.2 kips/in 55.0 kips/in

I-eel Pier Vertical Stiffness Peel Pier Horizontal Stiffness
S062.1 kios/in 271.9 kips/in

011i OD2 QD3 OD4

135.1 kios 13.4 kips -1773.6 kips -9577.0 kips

* System Parameters and Inputs *

Earthauake Used is 1940 EL CENTRO

Horizontal acceleration input is HORIONTAL

Vertical acceleration input is

Earthouake Acceleration Time History.

Vertical/Horizontal Ground Acceleration Ratio Data Time Increment

1 .00 .010 sec

Gravitational Constant . Svstem Damping

36.09C' in/sec2 S.00 %

Mass Matri,

42. 2 . 0000 8183.0420
000C0 42 . 314 . 000

S I3.0420 .004:10 2410451 .0000

Damping Matrix

17.26S 000 13.2557
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Stiffness Matrt::

3.1 10 o,0 000c'c' 1540. 0000
• ',K. 0668.5400 .04:100

1540 . ')J00O . o000 10105677.1325

Undamoed Natural Frequencies Moog 41 Mode *2 Mode 03
1.704 rad/sec 5.864 rad/sec 15.84.3 rad/sec

Damoed Natural Frequencies Mode #1 Mode *2 Mode NE
1.773 rad/sec 5.845 rad/sec 15.812 rad/sec

For Earthquakte Acceleration of 100.00 X of the 1940 EL CENTRO

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (see)

Max- imum X S.6S3955 8.25
Maximum Y -.516443 5.63
Ma imum Rotation -. 009067 6.47
Side block crushing .348393 -.30353 .008030 5.86

For Earthquake Acceleration of 90.00 % of the 1940 EL CENTRO

Ma.,imums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Ma.:imum X -6.332777 6.97
MaXImum Y - .398401 5.61
Maximum Rotation -.012778 7.34

Side block liftoff -1.5198S6 .095735 -.012452 7.30
Side block crushing -2.340O34 -. 101646 -.010844 7.24

For Earthquake Acceleration of 80.00 % of the 1940 EL CENTRO

Ma'imums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Maximum X -S.730834 6.96
Ma:-:imum Y -.3579a 5.60
Ma',:imum Rotation - .011979 7.32
Side block liftoff -1.161SIS .1242l -.011965 7.31
Sioe block crushing -1.9Z3#.1 -. 1(3703 .1073 7.24

For Earthouai.e Acceleration of 70.00 X of the 1940' EL CENTRO

Ma::imums/Failu-es X (ins) Y (ins) Theta (rads) Time (sec)

Ma ,imum X -5.13374S 0- .,
Ma-,imum Y -.213161 5.60 -
Maxo.imum Rotation -. 010912 7.31

No -failures Occurred.
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For EarthOLlabe Acceleration of 79.,,10 % of the 1940 ELCENTRO

Ma,-imums/Failures X (ins) y (Ins) Theta trads) Time %sec)

Ma. imum X -5.6664382 6.90
Ma.: i mum y -'.e53425 5.60
Ma:i:imum Rotation -. 011854 7.32

Side block lliftoff -I. 062E-,-7 .15-909 -. 011854 7.3B2
Side block crushing -. ' .269 -. 102551 -. i0o7 7.24

For Earthquake Acceleration of 7S.,')0 % of the 1944') EL CENTRO

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Ma::imum X -5.614749 6.95
Maximum Y - .348951 5.60
Ma:imum Rotation -. 011776 7.32

Side block liftoff -1.036571 .152184 -.011776 7.32

For Earthquake Acceleration of 77.00 . of the 1940 EL CENTRO

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (see)

Max,:Imum X -5.542202 6.95
Maximum Y -.344477 5.60
Max::imum Rotation -. 011750 7.31

Side block liftoff -. 996025 .150506 -.011749 7.32

For Earthquake Acceleration of 76.00 % of the 1940 EL CENTRO

Ma..imums/Failures X (ins) Y (ins) Theta (rads) Time (ec)

Maximum X -5.484800 6.95
Maximum Y - .340003 5.60
Maximum Rotation -.011522 7.31
Side block liftoff -.92925 .171991 -.011477 7.3

For Earthquake Acceleration of 75.0o0 of the 1940 EL CENTRO

Ma::1mums/FaIlures X (ins) Y (ins) Theta (rads) Time (see)

Ma :;imum X -5.415332 6.95
Ma imum Y - .235530 5.60
Ma imum Rotation -. 011B,75 7.ZI

Side block lifto. -.'17383 .169723 -.011,31 7.M

For Eartnquaike Acceleration of 74.0. % of the 1940 EL CENTRO

M.. c/Pi Io Y (-.1 V .r..(rr46 tif (ca2
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-- - - - - - - - - - -- - -- -- - -- - - - - - ---- ------

Ma imum X .5. I95
Ma ,:mum Y -. -C I'i.,*
Ma.:.imum Rotation -.. is 2IS1

Side block llftc.44 - .11& -. cc1128' 7.4

For Earthoua e Acceleration of 73.0w % oi the 11'40 EL CENTRO

Ma>x.imums/Failures X (ins) Y (ins) Theta krads) Time (soc)

MaImum X-.777.
Ma> imum Y . 55.E0
Maximum Rotation -. 011196 7.1

Side block sliding -. 7261Q4 .1 9074S -. 01098,6 7. 35

Side block overturning -. 72E.1S8 .1940748 -. 010,926 7.35

For Earthquake Acceleration of 72.00') % of the 1I 0 EL CENTRO

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Mal'.-.2mum X -5.26q18.6 E..95

Ma , :imum Y -. 322108 5.60
Ma:::imum Rotation -. 0 1063 7B. I

No failures occurred.
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03DOFRUB" Isolator (NORM DD2)
Input Data File .....

*.*SHIP/SU DRYDOC. BLOC ING SYSTEM*** DATA FILE: B:SE9SDD1l.DAT

.**INPUT FILE DATA**.

SHIP NAME: LAFAYETTE SSBN 6.6

DISCRIPTION OF ISOLATORS IF USED: 6" RUBBER CAP W/ ISOLATORS

DISCRIFTION OF BUILDUF: S SPACING COMPOSITE

DISCRIFTION OF WALE SHORES USED: NO WALE SHORES

VISCRIPTION OF DAMFING: 8% DAMPING

LOCATION OF DRYDOCK BEING STUDIED: DD2 LEINSY

NAVSEA iOCIING 'RAWING NUMBER: S45-2006644)
REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: S151,VE1.WK1 ETC.
MISC. COMMENTS: SE(3DDI .DAT 1E55 17 FES E,

PRESS ANY KEY TO CONTINUE...

SHIP WEIGHT (fI PS) W- 16369.9
HEIGHT OF KG (IN) H- 1q3
MOMENT OF INERTIA (KIFPS*IN*SEC2) Ik- 2410451

SIDE PIER VERTICAL STIFFNESS (IFS/IN) Kvs, 1303.23
SIDE PIER VERTICAL PLASTIC STIFFNESS (F:IPS/IN) Kvsp, 4093.1
KEEL PIER VERTICAL STIFFNESS WIF'S/IN) VK 8062.08
KEEL PIER VERTICAL PLASTIC STIFFNESS(fKIFS/IN) KVKfP= 22101.31
HEIGHT OF WALE SHORES (IN) AAA- 0
WALE SHORE STIFFNESS (fIPS/IN) KS- 0
SIDE PIER HORIZONTAL STIFFNESS (OIPS/IN) KHS, 44
KEEL PIER HORIZONTALA. STIFFNESS 0 IFP'IN) KHI:= '17.',
SIDE PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KSHP S.899999
KEEL PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KKHF 33.62
RESTORING FORCE A7 0 rEFLECT KEEL HORIZ (KIPS) C1I- 10.06
RESTORING FORCE AT 0 DEFLECT SIDE HORI- (KIPS) D2- 14.72
RESTORING FORCE AT 0 DEFLECT SIDE VERT (KIPS) QD3-1773.6.3

RESTORING FORCE AT 0 DEFLECT (EEL VERT (KIPS) QD4=-9577.0-3

GRAVITATIONAL CONSTANT (IN/SEC 2) GRAV- 336.09

PRESS ANY KEY TO CONTINUE...

SI DE BLOCI WIiDTH (IN) SBW= 9
(EEL BLOC Wl [fTH (I NI) #J_
SIDE EILOC[ HEIGHT (IN) SBH- 75
EEL BLOCK HEIGHT (IN) K'H= 61

BLOC ON BLOC FRICTION COEFFICIENT U1
= 

9
HULL ON ELOCI FRICTION COEFFICIENT Ua

= 
.75

SIDE PIER TO SIrE PIER TRANSVERSE DISTANCE (IN) BR- 144

SIDE PIER CAP PROPORTIONAL LIMIT S(('L-- .7
fEEL FIER CAP FROFORTIONAL LIMIT ICPL= .7
TOTAL SIOE PIER CONTACT AREA (ONE SIDE) (IN 2) SAREA- 5352
TOTAL [EEL PIER CONTACT AREA (IN 2) iAREAw 55440
PERCENT CR I I C' AL DAM; i N 2 I - - .- :
HULL NUMBER (XxXX) HULL- 616
SYSTEM NUMBER (XXX. NF Y- ,E;. :
CAP ANGLE (RAD) BETA= .377

PRESS ANY I-EY TO CONTINUE...
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"3DOFRUB" Isolator (NORM DD2)
Output File . . . . . . ...

** Hull 61s6 *'

' Ship Parameters 4

Weight Moment of Inertia ).G.
103t,'.' I Ips 2410451.0 kips-in-sec2 1,n.0 ins

* Drydock Parameters '

Side Block Height Side Block Width Keel Block Height Lecl Bloct WJ''

75.0 ins 9'99.0 ins 61.0 ins 999.0 ins

Side-to-Side Pier Distance Wale Shore Ht. Wale Shore Stiffness Cap Angle

144.0 ins .0 ins .0 kips/in .377 rad

ISide Side Pier Contact Area Total Keel Pier Contact Area kkhp
SZ52.0 in2 '5440.0 an2 23.6 kips/in

B/B Friction Coeff H/B Friction Coe4f kshp ;'Vsp

9.000 .750 8.9 kips/in 409B.1 kips/in

Side Pier Fail Stress Limit Veel Pier Fail Stress Limit kvj:p
.700 k.ips/in2 .700 kips/in2 22101.3 kips/in

Side Pier Vertical Stiffness Side Pier Hori:ontal Stiffness

10.3.2 kips/in 44.0 kips/in

Keel Pier Vertical Stiffness Keel Pier Horizontal Stiffness

S062.1 kips/in 217.5 kips/in

011 rbD2 0L' Di
103.1 kips 14.7 kips -1773.6 kips -9577.0 kips

* System Parameters ord Irq-t-

Earthquake Used is 1 OCT '87 WHITTIER * 10.94

Horizontal acceleration input is LBNSY DD2 TRANSVERSE COMPONENT

Vertical acceleration input is LBNSY DDR VERTICAL COMPONENT

Earthquale Acceleration Time History.

Vertical/Horizontal Ground Acceleration Ratio Data Time Increment
.000 .01 ,,

Gravitational Constant M System Damping
S6.09 in/sec2 Z.00 %

Mass Matri:

42 .3992 .oo00

Z .1 -:2 .042 2410c4!51 .0 0

Damp i ng Matr .

15.7037 . ,1739. 344
• 0~J(.D00 i U 7 .I: . • c"
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Stiffness Matrix

305 .5300 .0000 1232.0000
O':' 10668.5400 .0000

1222 . OOv .0000 10 105319 . 1325

Undamped Natural Frecuencies Mode #1 Mode 02 Mode #3

1.7F2 rad/sefc 5.4.-:S r ..i/ - . r..'

Damped Natural Frequencies Mode #1 Mode *2 Mode #3
1.717 rad/seC 5.416 rad/cc I5.:1P V-00!t

For Earthquake Acceleration of 100.00 % of the 1 OCT 87 WHITTIER * 10.94

Maximums/Failures X (ins) Y (ins) Theta (rads.) Ti.e (F

Maximum X 6.42q9004 16.72
Maximum Y .293265 5.72
Maximum Rotation -. 019115 14.50
Side block liftoff 2.744572 .043471 .013135 13.86
Side block crushing 2.744572 .:42-471 .013135 13.B6

For Earthquake Acceleration of 90.00 % of the 1 OCT 87 WHITTIER * 10.94

Maximums/Failures X (ins) Y (ins) Theta (reds) Time (sec)

Maximum X 5.7170*0 13.73
Maximum Y .262313 5.72
Maximum Rotation .015841 17.17
Side block sliding -1.967609 .006875 .013540 16.18

Side block overturriny -1 .967t.09 .()()#.,/t, .O I :'.-iv I .
' .

Side block lifto-f -1.962900 .025600 .014,302 16.19
Side block crushing -. 720489 -. 0558S2 -. 011755 14.45

For Earthquake Acceleration of 80.00 % of the 1 OCT 37 WHITTIER * 10.94

Maximums/Failures X (ins) Y (ins) Theta (rad) Time (se:

Max imum X 5.10249 13.72

Maximum Y .222091 5.72
Maximum Rotation .015249 17.17

Side bloc liftoff .615'975 .005610 .0135596 17.08

Side block crustin _ - .C)l.=,l7? - .0::,: -c.1.1 iE. '(I 14 .!5

For Earthquake Acceleration of 70:1.0)0 Y. of the 1 OCT 87 WHITTIER f 10.94

Ma y Imums/Failures X (Yns) V (ir,) Th L. " ,, I , , ,

Ma%imum X -4. S7SZ:4 9.0".-;

Maximum Y .200566 5.72
Ma.imum Rotation .013->I 17. 1 g.'

-S ~d P h n c 
l  

= I 3d i n n .C I' .P I 
,  

1 -7 .1 q
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Side b led overJtlrNni ry .Ot. E .0 1 : i :'. 1,. 1
Sloe bloci liftofi .154749 .005155 .013670 17.1B
Side block crushing 2.30717 -. OZ07'8 - .011*L[: 15-,.

,'

For Earthquale Acceleration of 60.: 0 % of the 1 OCT 87 WHITTIER * 10.94

Ma ximums/Failures X (ins) Y (ins) Theta (rads) Time (sac)

Maximum X 5..14680 13.77
Maximum Y .167810 5.72
Ma.,imum Rotation - .00.7604 1'. 17

No failures occurred.

For EarthquaLe Acceleration of 69.00 % of the 1 OCT 87 WHITTIER * 10.94

Maxiimms/Failures X (ins) Y (ins) Theta (rads) Time (sac)

Maximum X -4.793266 9.09
Maximum Y .195318 5.72
Maximum Rotation .013709 17.16

Sjde block sliding -. 00tE-.45 -.. 0 .01r -,k.9 17.10:.
Side block overturning -. 0022165 -. 005044 .013709 17.16
Side block liftoff .148491 .002212 .0136316 17.14
Side block crushing 2.436910 -. 023426 -. 011937 15.60

For Earthquake Acceleration of 62.00 % of the 1 OCT S7 WHITTIER * 10.94

Ma,:imumzFalures X (ins) Y (ins) Theta (rads) Time (sac)

Maximum X -4.E52107 9.09
Maximum Y .1924S7 5.72
Maximum Rotation .013540 17.16
Side block:: crUshirg -1 .6623,4 - .00'1146e .1 IE:-: 16.:

For Earthquaie Acceleration of 67.00 % of the I OCT C7 WHITTIER * 10.94

Maximums/Failures X (ins) Y (in-) Tle! (rt-C-) Tin. ;- f

Mai:::i mum X -4.32''79 9.09
Ma:imum V .13.656 5.72
Maximumr Rotation .0 1 ?, ':, 17 1
Side block crushing -1.66469 -. 042735 .01169 IE.,.09

For Earthqlele Accr-lp -ejion of 66.00:1 % oF the I Vf.1 -/ Wr' r ui
'  

';..,

Ma imums/Failures X (ins) Y (ins) Theta (rads) Time (sac)

Ma:2mum X 5.723670 13.73
Ma::!imLIm Y .12513e6 5.7
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Sice olock crushing 1.252601 -.013S56 -.012157 15.57

For Earthquale Acceleration of 65.00 % of the I OCI S/ W III, v 10.-4

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (seec)

Ma-i1mum X 5 .276296 12.75
Ma imum Y *.,:;.

Maximum Rotation .0125a1 17.15
Side block crushing I.i.109 .006 :0 .01 :- 17.1p

For Earthquake Acceleration of 64.00 % of the I OCT 87 WHITTIER * 10.94

Max<imums/Fai ures X (iri,,) Y (in--) Thc-t:, (rF.d T i1nir (. . . "
- -------- ------- ------------ -----------

Maximum X 5.7b,/84q 1B.75
Maximum Y .173997 5.72
Maximum Rotation .1721ss 17.15

Side block crushing .79q469 -. 004347 .012171 17.16

For Earthquake Acceleration of 67:.00 . of the I DC: I &/ iw-,, .:1.

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (see)
--------- --------------
Maximum X 5.725950 13.75
Maximum Y 7 6E01 /?
Maximum Rotation .011489 17.11

No 4ailures occurred.
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Isolator Equivalent Modulus
74-SStltfles Spreadsheets...

NO&IZDTAL STIFFNESS MATUU FOA £ LAyERS :N. e::s DA:\inCA
AND ISCLATORS

SYSTEM at
THS I25A KEEL S(5E7 FO; HULL 6.*: 4 F1 IJILDdP
S FO3i CENTERS

ELECA:W I I C2NCRETE

PSI) :hi 6N) cW41 ([I

4ooeo0e 42 48 3;17)7: :?

U:EIII/LII3 6EIIIILI^2, £E8LI TI2IiLI

943934156.38 127431111!1.1 2247tO6'j'OU1 1146S8000O00

RISIDITY "'AR ELENENT

S1, .q;:' iN SHEAR
95 2/:NI DEFLECTITiN

ELEMENT f2 ' S :S;LATCROP
D)EPTH TRAWSVERSE HE16NT

£ 2 62, 02 12 L'

PSI) (IN) (IN) 1N4-& (I;)

699 42, 48 87 27

64952.49Z83 2:2S'8,6667 U£Y8454 0417

;!iIDITY TOF SHEAR ELEMENT
air CONTACT STRAIN SHEAR
PSI) AREA iNI~ DEFLECTION

,IN", ([I

7,o (,a ,'54 y. j$ 41
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ELEMENT N 3 D3LGLVS FIR
DEPTh TRANSVERSE HEI6T
93 113 L3 1

(IN) ::N4 i)
...........................................................................

42 49 3e7O,2

12E33'13 ~ 32/3~ (31 L3 2E'13/13'

9.154C;E'. A.C7'%E.ui ...3z.:I. 1.350E.11

R:: T SWEAR (120(41
7;r :oT,:" STRAIN SHEAR

;ASEA (IN/IN) DEFLECTION
rN. 6 UIN)

... 3 : (,.,.,...4554 O,&0.t39514

EL 1i 4 MWEE
BEPTh TRANSVERSE HEIGHT

E4 P4 H4 14 13
lFSjI fIN) IIN) (IN141 (IN)

99 42 48 387072 6

...........................................................................

:2E414/L43 6E414/L4^2 4E414(L4 2E414/L4

6.. 79E9 hh6E+07 2.5,98E+08 1.2799E+0B

RIGIDIY TOP SHEAR ELEKENT
Gir CONTACT STRAIN SHEAR TOTAL

AP;) AREA (IN/IN) DEFLECTION SHEAR

IN:, (IN) DEFLECTION (IN)
...........................................................................

1412 .0031134066 Oc:3b8f,436 2.0433E-O
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a - = C = C S C = C.A CA * - '3 '4 '4 '.4 - -

o 0 0 0 0 0 - 0 - C
C .0000 C .J - .3 a

S S S ~
o a. 0 - C -o ~ ~ s : ~ C ~ C

0 0 0 0 - 0 - - '4 -

~

o 0 0 0 '4 - - - - .0

-. 40 0 ~.3 - '4 a ,3 a
~ Z ± a .0

S ~ S ~
g ~ g ~

o o 0 .4 '4 '4 '4 - - -

o .4 -ao-aap-a .34

0' - .0 - a

o - 0 - '4 0 0 0

a '.3 a 0. '0 C'

S S S ~ ~
- - - - .4 0

0--------0' CA S ~

'.3 0 '.3 0 0 '4O (.0 -a - - 0 *3
0 '..3 C '4 a 0-~ - .4 ~3 .0

- - - - 0 0

a a a a C C
o - 0 - 0 C
'.4 CA '.4 CA C C
0- a -J a 0 0~ S S SM 5

o CA 5
.4 0' .0 -, 0 0

.3 3, 0 a 0
't, v4 4

- C' - 0 0 C. 0
0.3.4 5

U' .4 (0 '4 0 S
.4005

~3 0. - 0-
* 0 0 0 0

0 "4 .0 0 0 0 0

~ S S S
o a 0 .4 0
S '4 0 .4 0 0

- C'0-a- a a
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kNCWN 4ALUES: I OF SYSTEM KOCxS • 55
Al * -1000 lbs

91 * 0IILI+L2.0.3*L41 * -61'000 I#LlS

;,l N2 ;3 M3 M4 A4 9n5 0

65 1000 lbs

41 thl: 0
----..------------.--.-------------------.-------.----------..-------------------------------

SOLVED UIMNOIS:

q2 0.0000122419 in

th2 0.0000002083 fad

-31 -32
q3 0.0337143375 in -1003.66391667 -34060.t635

t3 0.0020465601 rid

th4 1.00 4o" rao

o5 0.0482203934 ;n -94828.95774 -,618464.4599

thS 0.02095A: ril

V (6 NC r! FCOA i.EE ?'L3C * ,796,..465505 1tsulr, 27.9.1465505 K:FS;IN

K (BEND HGRIZ) ALL KEEL 6LOCYS z I5,7;q0.60,8 ibs/:n 1537.9q06026 KIPSiIN

9ATRII CHECK:

91 = -100.000

41 - 1000.000

02 0.0000

N* 3.o,000

0. 000
9 : 0,*

05 :000.0000

"s 0.0000
TOTAL KEEL BLOCK HORIZONTAL STIFFNESS COEFFICIENT CALCULATION:
SYSTEM 86 1' RUBBER CAP I/ ISOLATORS

Khk (SIDEDLOCK HORIZONTAL STIFFNESS) -P/(BENDING DISPL 4 SHEAR DISPLACEIMENT)

h 3.96 KIPS/IN (PER BLOCK)

217.53
Khk 217.70 KIPS/IN (ENTIRE KEEL BLOCK SYSTEM)
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ST:z%~ IFFNESS Ir; r: L AviPS -n~MU :.'C6 0;C 70- 4.j,.: CAP
AND ZS34TRSi

SYSTEM 86
THIS IS A 'EEL SYSTEM ;0 HULL 616 WH A FT RU:LDUP

3 vi. CENTES

ELEMENT H I CONCRETE

DEFTA THAWEIVERSE HEISH
El ei HI 11 LI
:PSI) IINI (IN) INIS iil

6I2EIUILI* 6 EIIIIV AIILI 2EI11/LI

2.33TSS1tAE.52 ;.157R.3 5.7:44000E+54 2.8672000E#54

RlIGIDITI T.p SHEAR ELEMENT
Sir CONTACT STRAIN SHEAR

!P51i AREA (0INI DEFLECTION

711 9.26flROSE-5I 2.21",1C9E-49

ELEMENT 9 2 OAR

DEPTH TRANSVERSE NEJENT
E2 92 W7 i2 L2
(PSI) iNk) (IN) (14^4) (IN)

I.OOE.50 42 48 387072 6

2. 1534000Et54 6.4512000E.54 2.5904800E'55 1.29C'2400E.55

NIisi~ty lop SHEAR ELEMENT
61r CONTACT STRAIN SHEAR
IPSIP AREA (IN/IN) DEFLECTION

( IN'll1 (IN)

1. ;*E.4 Yi 4.YOI?!-5O 2.976190'E-49
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.~-~---~---~-_7- 77 W - W U - P E - W U W

ELEMENT 1 3 DOUGLAS FIR
DEPTH TRANSVERSE HE:54

E 7H? L3
fp( iN) (IN) 11'4) ilk)

1.00E450 42 48 3967072

12E3131L311 6E313/L32 431311.3 NE3111.3

H.U4E' .A*! .54VE.56 7.74141455

RIGIDITY T[P' SHEAR ELEMENT
GIr CONTACT STRAIN SHEAR

(F^11) AREA ilkilh DEFLECTION

;14:, (;N)

1.00E+49 :016 4.9603175E-50 4.960105E-50

ELEMTENT NH4 DIS ISrOLATOR
DEPTH TRANSVERSE HEIGHT

E4 14 W4 14 L.7
(PSI) (IN) tIN) (1114) iUN)

699 42 48 397072 27

2E4I8/L.4A3 tE414/14^ 4E41411.4 2E414/L4

1.605E.05 :.226qEO6 4.0093E+07 2.004'E407

RIGIDITY TOP SHEAR ELEMENT
GIr CONTACT STRAIN WARH TOTAL

(PSI) AREA 1110111) DEFLECTION S~EAR
1N,2) iiN) DEFLECTIOIN 11INi

1111* if." 0.O)101375791 0.2737146361 2.7371E-o1
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- (.~4 (.i C Sn
- C (.4 .0 CS .0 - a In a

C C

2:3:2:2 ~ 22
~ ~

C 0 0 0 0 C. (.4 0 (.4 0
* (.4 0 (.4 0o C 0 0 0 0 *

: o 0 0 0 0 In ~0 Sn -.
o C 0 0 0 0 0 0 C.

'a 'a La La LaLaLaLaLaLao 00000040040O C.O000SnCSn

o a 0 o a ~'
o a o o ~ Sn 2 2
o C. C 0 C C .0 (.o 0 c- a - (.4 n S -
C 0 C' 0 (.4 C (.4 .0 Co 0 0 0 (. - ~ In (.4 0

C 0 0 0 (.4 ~ (.4 -

0:2:222223

C. 000C(.4 CIS.SnS

o 0 0 0 C (.4 C (.4

o 0 - In
00 ~ 222 ~ :2
144 ta La La La La La La
0 0 (.4 ('4 @ 9.' 0 00
C* 0 - 0 U~aC--00

0 0 -0 - (.4 - (.4 - 0 0

0 o C - a a
0 0 Sn Sn Sn Sn US VS 2
W tUJOLaLaLaLa La La LaC - (.4 C 0 C 0 0
0 a 0 - .0
C. ~) Sn Sn a an : r s
C. 0 - .0 (.4 .0 .i C o
-~ 0 C4 a C (.4 C ~4 0 0

OS *. C C Sn Sn 0 0 0 0

0 C. 0

0 C 0

(.4 (.4 C C - - C. 0 0 3
C. 0 C

088
0 0 0

C I'S C 0 0 0 0 0 0
V'S n Sn 0 0 0 0

0 0 0

(.4 04 (.4 (.4 C. 0 0 0 0 0

5 0 -

C S..' C

(.4 (.4 CS 0 0 0 0 0 0

- - t~4 (.4 IS '-4 - C Sn Sn.5 0 5 0 5 CO 5 C 5 0
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KNOW VALU S: i OF SYSTEM BLOCKS s 55
ot x -1000 lb

I 8 OIl(LIL2#0IL4) -61000 IM3LlS

2 x N2s- B3 s3 a N4 04 N5 0

25 a 1000 lb.

of a this 0

SOLVEO UNKINS:

q2' 4.09b934E-49 in

th2 3.3133371E-50 rid

-11 -12
q3 7.0,357SiE-49 in -1267750 -4046000

t3 3.793967B-50 rad

fl4 Z,.8hl J:'.E-5O,JCr

Q5 0.024249W06 fln -959.999997 -27000

ths 0,00l3471892 rat

Vi BEND 4ORI ;'R I KEE!, iX. 1.45, :4ro! Ibs/:= I.34B3B4E8+4 KIPS;:N

V 'BEND HORIV ALL. KEEL BL.'. : . ;b;;in 7.lSB617E+49 KIPS/IN

l : -6 . C,0 0,

N2 : -6 ,C C0(.(

Q2:

S: 1000.0000
S

N5 -- 0.OO0

TOTAL KEEL BLOCK HORIZONTAL STIFFNESS COEFFICIENT CALCULATION:

SYSTEN S6 1* RUBBER CAP N/ ISOLATORS

'ht (SIDELOCK HORIZONTAL STIFFNESS) : P/(BENDIN6 DISPL # SHEAR DISPLACEMENT)

khk 3.36 KIPS/IN iPER BLOCK

133.00
Kht 194.59 KIPS/IN (ENTIRE KEEL BLOCK SYSTEM)
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nC;!OTAL STI!F;NESS R4AII FOR A LAYERS ^,OURER CA r,.
M1TH ISOLATORS

SYSTEPI 36 KU
THIS IS A S.:E BLOCK SYSEM FOR HULL- 6!6 VITA 5 FT BILrDUP
lb FN! CEhTEAS

ELEK47 I I CONCRETE
DEPTH TRANSVERSE HEIGHT

El I HI II LI
iPSI) i161 kX ItH) (IN)

4000000 49 42 296352 48

1:96:5000 3087000000 98784000000 4939200000

RuD:Y TOP SHEAR ELEMENT
air CONTACT STRAIN SHEAR

!B; AREA (IN! N) DEFLECTION
('.N21 (:K*

3lo6 0C.CC1";0 .. .'jO 6' 0.0000099206

ELEMENT 6 2 015 ISOLATOR
DEPTH TRANSVERSE HEIGHT

E2 ?2 H2 12 L2
iPSI) :'Nj QWl 41N41 (IN1

875 23.4 29.7 51016.24235 19

I::>23 6E212'L2 4E1L E212112

'S:04.68170 742943.96769 941,162-5908 4705311.7954

0:G!BiTY TOP S$EA# ELEET

Sir CONTACT STRAIN SHEAR
(PSI) AREA (IN/IN) DEFLECTION

(1A22 (IN)
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EEMENT # 4 DOUGLAS FIR
DEPTH TRANSVERSE HEI.4T

E7il!" L3

93397 12 2N 138H 2

...........................................................................

RIGIDITY TOP SHEAR ELEWENT
Gir CONTACT STRAIN SA

II

6807 288 0.0005z01012 0.0010202023

ELEMENT I 4 RuiRER
DEPTH TRANSVERSE HEIGHT

E4 S4 HI IA 03

IPSI) flN) (IN) iINe) (iN)

982 12 4 138246

,E4C4iL4'3 6E414/L42 4EIIiL4 2E414114

,.6186E+05 2.28'6E+06 O.4ZE.OL 43 E,

;16SZITY ToP SHEAR ELEMENT
G;r CONTACT STRAIN SHEAR TOTAL
!Pl) AREA IN/IN; DEFLECTION SHEAR

IN'?; IN) DEFLECTION (IN)

!73 268 0.0103S5624 0.0621341541 5.095IE-01
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- e

0 -o -a -o -o

a a a

C 0 0

o 0 0

o 0 0 0 fl 0 0 -o
0 0 0

o 0 0

o 0 0

o 0 .0.

o e a a .0 0

0 0 0 - O* .0 .0 -c

0 - .0 .0 -o
o a a a
o a - - -

C' .0 -0 0~ a a
C C C 0

.0 .0
- a .0 0

- 0~ ao 0

a a -o u, -0 9
- -~ 0

CO 0 a, O~ -, p

a,,- S

w a a, a

a, -z, a, ---- *- - -
C C -

- a S
r c.r,,t.r'''
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Kh;N4 v0LUES: # 0F SI3TER M.CKS 2

-1)0 lb$

z -75010 IWeLBS

02 = 9 3 = M PA 9t=4 =ms 0

Q5 1000 1bs

a l : 0
.............................................................................................

SOLVED UNKNOWNS:

q2= 0.0000571772 in

th2 0.0000020651 rid

-81 -82

a2 0,08,5825q in -1006.01829934 -27062.032332

th3 0.007440467 rid

N F lO 5 . ::E 03Ct 5 4n .- 9,027.I411 45;1 i

t .5 0. ,6 "t '6 1 ed

?OTENA SDE ALL ;:,E ? FOCKS - IOO 1t iLU~nL.ttM,

MATRIX E(

SYSTEM 86 1IRUBSER CAP W/ ISOLATORS KU

: SIDERLOK HORIZNAL S-ESS ='BEN1R6 D(SPL + SHEAR DISPLACEENT)

L.52 KP;lw (P.; BLOM

ThA 44.E8 KBPsITk EN*RE SIDE LOCK SSAEO)
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] : , - - WI ! lm EE - Ilp II | |1I I ! I .U II I I I !i

r

Required Isolator Characteristics
Spreadsheet . . . . . . . . . .

0e; O .5656 ;N

KO-P : 26 KIPS/IN

KAI Al 19 KIPS

DIMENSIONS: 42x49x79 INCHES

EQUIVALENT REO'D ISOLATOR KHK TC'TL: 144.72 XIPS/IN

EQUIVALENT KNK PER ISOLATOR . 2.63 KIPSIiN

E .EN7 'Z; 2 :~Z X KKH 20.4 K,1pS;:rN

' .,VA.LEN, v A PER 1S,,.43R (.7 KIPS;IN

KVK t 2526.68 KIPS/IN

01 4t > - YIPS

t"L: E, " D S. v, T-A.: I1 kIz.;

EQIVALENT V4 PER LAT9OR = :.2' KIFS/IN

T3TAL FOR ONE SiUE 3' SIDE BO:, :S%.AT&ZS 19 ALOCS):

le; : 0.41979 :N

KHS : 37 KPS/IN

KSHP 6 KIPS./N

O2 = 92.25 KIPS

MAI R2 36 KIPS

D3MENSIONS: 24=)012
0 
INCHES

EQUIVALENT RE; ISOLATOR KHS TGTAL- 59.71 KIPS/IN

EQUIVALENT KHS PEP ISOLATOR 2.06 KIPSiIN

EQUIVALENT REG ISOLATOR KSHP TOT- 9.38 KIPS/IN

EQUIVALENT V4SHP PER ISOLATOR = 0.32 KIPS/IN

KVS 4554.23 KIPS/IN
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APPENDIX 6

1. "3DOFRUB" Wale Shore (EL Centro)
Input Data File

2. "3DOFRUB" Wale Shore (EL Centro)
Output File

3. "3DOFRUB" Wale Shore (NORM DD2)
Output File

4. Wale Shore Design Spreadsheet
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"3DOFRUB" Hale Shore (EL Centro)
Input Data Flle . .... . •

.. SHIF' Z *IOC( BLOCKING 5YETEMo** L,;TA :ILE: E:S1WS..-LAT

***IFL'T FILE ['ATA**

SHIP NAME: LAFAYETTE ESEN E-16

DISCRIPTION OF ISOLATORS IF USED: 1" RUBBER CAP

DISCRIPTION OF BUILDUP:
8 FT SPACING COMPOSITE CAP AND PIERS RIGIDLY ATTACHED TO GROUND

DISCRIPTION OF WALE SHORES USED: WALE SHORE DESIGN

DISCRIPTION OF DAMPING: 5 % DAMPING

LOCATION OF DRYDOCK BEING STUDIED: NO SPECIFIC LOCATION
NAVSEA DOCKING DRAWING NUMBER: 845-2006644)

REFERENCE SPREADSHEET STIFFNESS CALC FILE NAME: SYSTEM 12

MISC. COMMENTS: S51WS.DAT 1955 15 FEB 8

SHIP WEIGHT (KIPS) W= 16369.9

HEIGHT OF KG (IN) Hs 193

MOMENT OF INERTIA (KIF'SIN*SEC 2) Ik= 2410451

SIDE PIER VERTICAL STIFFNESS (KIFS/IN) Kvs= 4554.23

SIDE PIER VERTICAL PLASTIC STIFFNESS (KIPS/IN) Kvsp= 7552.4

KEEL PIER VERTICAL STIFFNESS (KIPS/IN) KVK= 25286.68

KEEL PIER VERTICAL PLASTIC STIFFNESS(KIPS/IN) KVKP= 37857.79

HEIGHT OF WALE SHORES (IN) AAA= 193

WALE SHORE STIFFNESS (PIPS/IN) v.S= 600

SIDE PIER HORI:ONTAL STIFFNESS (KIPS/IN) KHS= 4533.79

,EEL PIER HORIONTAL STIFFNESS (kIPS/IN) KHP,= 18215.1

SIDE PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KSHP= 4583.79

PEEL PIER HORIZONTAL PLASTIC STIFFNESS(KIPS/IN) KKHP 18215.1

RESTORING FORCE AT 0 DEFLECT KEEL HORIZ (KIPS) QDI= 0

RESTORING FORCE AT 0 DEFLECT SIDE HORIZ (KIPS) QD2- 0

RESTORING FORCE AT 0 DEFLECT SIDE VERT (KIPS) QD3=-545.44

RESTORING FORCE AT 0 DEFLECT KEEL VERT (KIPS) QD4-2734.11

GRAVITATIONAL CONSTANT (IN/SEC'2) GRAV= 386.09

& _e E LC'CI WILT- ':N) "w= .

t iL,' ELDC HEIG-T IriJ SH= 75
EEL E L,:)C . I ,IN) f H= 1:1

PE0C P ON ELOCI FRI:TION COEFFICIENT ji= ;

HULL ON ELOC FRICTION COEFFICIENT U= .75

SIDE FIER TO SIDE PIER TRANSVERSE DISTANCE (I'J) BR= 144

EI[LE PIER CAP FROPORTIONAL LIMIT SCFL= .7

IEEL FIER CAP PROPORTIONAL LIMIT CPL= .7

TOTAL SIDE FIER CONTACT AREA (ONE SIDE) (IN 2) SAREA= '6252

TOTAL i.EEL FIER CONTACT AREA (IN 2) KAREA= 55440

FERCENT CFITICAL DAMPING :ETA= .c5

HULL NUMlER (XXXXi HULL= -1-i

SYSTEM NUMBER (X R') N:,:.: ,i

CAF ANGLE (RAD) BETA= .377
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"3DOFRUB" Vale Shore (EL Centro)
Output File . . . .. .... .

sv* cstem !71 *

44 Hull . '

* Ship Parameters £

Weight Moment of Inertia .6.

I63E.9.9 kips 241(.)451.0 kips-in-sec2 1'3.0 ins

* Drydock Parameters *

Side Block Height Side Block Width JK eel Block Height Keel Block Width
75.0 ins 999..0 ins 61.0 ins 999.0 ins

Side-to-Side Pier Distance Wale Shore Ht. Wale Shore Stiffness Cap Angle

144.0 ins 193.0 ins 6000.0 kips/in .377 rad

1Side Side Fier Contact Area Total feel Pier Contact Area kkhp
S.'52.0 in2 55440.0 in2 18215.1 kios/in

B/B Friction Coeff H/B Friction Coeff kshp kvsp

.0',') .750 4583.8 kips/in 7552.4 kips/in

Side Pier Fail Stress Limit Keel Pier Fail Stress Limit kvkp
.7o(.; ios/in2 .700 kips/in2 37857.8 kips/in

Side Pier Vertical Stiffness Side Pier Horizontal Stiffness

',54.2 ki s./in 4583.8 kiDs/in

1eel Pier Vertical Stiffness Keel Pier Horizontal Stiffness

252 6.7 ipsin. 18215.1 klis/in

D C,[,2 0D013 ON4
.0 kips .0' IDS -5'4!!.4 kips -2734.1 kios

* System Parameters and Inputs

Earthquake Used is 1940 EL CENTRO

Horizontal acceleration inpuLt is HORIZONTAL

Vertical acceleration input is

Earthquake Acceleration Time History.

Vertical/Horizontal Ground Acceleration Ratio Data Time Increment

1 .000 .010 sec

Gravitational Constant % System Damping

336.09 in/sec2 5.00 %

Mass Matrix

'42 3992 .0000 8133.0420
.0000 42.3*992 .0000

813 3.0420 .0000( 2410451 .0000

Damping Matrix

112 .6-209 . (:)o( 12864.9077
. 0000"f 120 .7612 .0000

I s Li :177 4':, 1 P. i L 14
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Undamped Natural Frequencies Mode" 01 Mode #2 Mode #3
13.912 rad/sec 44.216 red/sec 28.4S2 rad/sec

Damped Natural Freauencies Mode #1 Mode *2 Mode 03
13.895 rad/sec 44.161 rad/sec 213.446 rad/sec

For Earthouake Acceleration of 100.00 . of the 1940 EL CENTRO

Ma>: imums/Fai lures X (ins) Y (ins) Theta (rads) Time (sec)

Ma<imum X -. I9:291 5.59

Ma::Amum Y -. 252994 5.34
Ma. imLIM Rotation -. 004427 5.42

Side block sliding .105743 .0-^4169 -. 004133 5.40

Side block overturning .185743 .084169 -. 0041
°
-' 5.4 0

Side block liftoff -. 030776 .141339 .003411 5.22

For Earthouai:e Acceleration of '-0.00 . of the 1940 EL CENTRO

Ma>:imums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Ma>-:imum X - .171 5.59
Ma imum Y -. E2765 5.34
Ma. imum Rotation -. 003984 5.42
Side block liftoff .164073 .131310 -. 003910 5.41

For Earthouake Acceleration of 30.00 %. of the 1940 EL CENTRO

MaImUms/Fai Wres X (ins) Y (ins) Theta (rads) Time (sec)

Maximum X -. 150553 5.59
Ma:,x imum Y - .203158 5.34
Ma:,< Imum Rotation -. 003528 5.42

Side block liftoff .130779 .153106 -. 0035e8 5.42

For Earthouake Acceleration of 70.00 . of the 1940 EL CENTRO

Ma,i<mums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Ma;ximum X -. 123083 5.59
Maximum Y -. 181906 5.34
Ma-:imum Rotation -. 002984 5.42

No failures occurred.
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Ec~ a rtrnLidt e A.ccee iE-- %t io or v-t. 7:4 oi te 1 E",C' EL CEN I FG

Ma imums/Failu es X irs. V (lns, Theta (rads' Time lse:,

Ma Imum Y -. 148659 .51?
Ma:.Imum Y -.200619 f.34
Maimum Rotation -. 003483 5.42

Side block liftoff .129136 .151192 -. 003483 5.42

For Earthquale Acceleration of 78.00 % of the 1940 EL CENTRO

Maimums/FailUres X (ins) Y (ins) Theta (rads) Time (sec)

Ma.,imum X -. 1463E0 5.59
Maximum Y -. 198222 5.34
Ma- imum Rotation -. 003433 5.42

Side block liftoff .127544 .149433 -. 003433 5.42

For Earthquake Acceleration of 77.00 % of the 1940 EL CENTRO

Maximums/Failures X (Ins) Y (ins) Theta (rads) Time (sec)

Maximum X -. 144471 5.59
Maximum Y -. 195681 5.34
Maximum Rotation -. 003389 5.42

Side block liftoff .125900 .147522 -. 00339 5.42

For EarthquaVe Acceleration of 76.00 % of the 1940 EL CENTRO

Ma.7-imums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Ma:.imum X -. 141425 5.59
Ma!,imum Y -. 19:112 5.34
Ma.ximum Rotation -. 003332 5.42

Side block liftoff .124555 .146568 -. 003332 5.42

For Earthquake Acceleration of 75.00 A of the 1940 EL CENTRO

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (s5c)

Maximum X -. 139552 5.59
Maximum Y -. 191262 5.34
Ma:imum Rotation -. 00328S 5.42

Side block sliding .123237 .144640 -. 003288 5.42
Side block overturning .12S237 .144640 -. 003288 5.42
Side block liftoff .102642 .161626 -. 0032k1 5.43
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For Earthquake Acceleration of 74.00 %. of the 1940 EL CENTRO

M6 ,mUI A -. -57? A
Ma im:.m y -. 1°E456 -
Ma inLIm FotA . iorE -. t:. 4&'

Side bloc( slidin. .,7.37 .16.:34 -. '','6 ..

S.de block ovel-tUrning .. :7.' . 04. -I.0E006 5.44
Side block liftoff .101103 .16,9146 -. 003186 5.43

For Earthquake Acceleration of 73.00 % of the 1940 EL CENTRO

Ma imums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Ma :imum X -. 134143 5.59
Ma Imum Y -. 187440 5.34
Ma.imum Rotation -. 003136 5.42 -
Side block slidinq .097464 .157809 -. 003107 5.43
Side block overturning .097464 .157809 -. 003107 5.43

For EarthQuake Acceleration of 72.00 % of the 1940 EL CENTRO

Ma imums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Ma<xmum X - .13163 5.5
Ma..imum Y -. I36486 5.34
Ma .imum Rotation -. 0oo82 5.42

No failures Occurred.
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"3DOFRUB" Wale Shore (NORM DD2)
Output Flle . . . . . . . .

*,*. S.stem 51 *.*I

* Hufl 616 *

* Ship Parameters *

Weight Moment of Inertia K.G.
16369.9 kips 2410451.0 kips-in-sec2 193.0 ins

* Drydock Parameters a

Side Block Height Side block Width Keel Block Height Keel Block Width
75.0 ins 999.0 ins 61.0 ins 999.0 ins

Side-to-Side Pier Distance Wale Shore Ht. Male Shore Stiffness Cap Angle
144.0 ins 193.0 ins 6000.0 kips/in .377 rad

ISide Side Pier Contact Area Total Keel Pier Contact Are;; k I V
8352.0 in2 55440.0 in2 18215.1 kips/in

B/B Friction Coeff H/B Friction Coeff kshp kvsj,
9.000 .750 4533.8 kips/in 7552.4 kips/in

Side Pier Fail Stress Limit Keel Pier Fail Stress Limit kvkp
.70o kips/in2 .700 kips/in2 37857.8 kips/in

Side Pier Vertical Stiffness Side Pier Hoti,..- Stf r,
4554.2 1ips/in 4583.8 kips/in

Keel Pier Vertical Stiffness 1::eel Pier Horizontal Stiffness
25236.7 kips/in 13215.1 kips/in

r I'2 o3 D4
.0 kips .0 kips -545.4 kips -2734.1 kips

* System Farameters and Inputs a

Earthquake Used is I OCT 87 WHITTIER * 10.94

Horizontal acceleration input is LklNS-LL!2 _TRANSVERSE COMPONENT

Vertical acceleration input is LBNSY DD2 VERTICAL COMPONENT
Earthquake Acceleration TimiHistory.

Vertical/Horizontal Ground Acceleration Ratio Data Time Increment
1 .000 .010 .- o,

Gravitational Constant % System Damping
386.09 in/sec2 5.00 %

Mass Matrix

42.3992 .0000 a 1 04
.0000 42 .3'992 •0000

8183 .0420 .0000 4 10451 .0000

Damping Matrix

112 6209 . 0'000 12864.9077
.0000 120.7612 .0000

12S64.077 . r,' 34'4 . S 43
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39302.600 E4-95.I *1.'0

2444346.1200. 4 ',:

Undamped Natural Frequencies Mode *1 Mode #2 Mode #3
I r.1P )ad/., lit!.?it. r-,! '- P;:.:", ,,,

Damped Natural Frequencies Mode *1 Mode #2 Mode #3

For Earthquake Acceleration of 100.00 . of the I OCT 87 WHITTIER * 10.94

Maximums/Failures X (ins) Y (ins) Th'ta (ral.) Time (r, L
------------------------------------------------------------ -------- -------- ------------- -----------
Maximum X .146279 4.21
Maximum Y .1414e9 4.44
Maximum Rotation .007 /0 77 10
Side block sliding -. 106_,816 .018661 .005081 8.37.
Side block overturning -. 10E-816 .018661 .005081 8.07

Side block liftoff .101835 .008066 -. 005242 7.57

Side block crushing - .126764 .018346 .0067/u 7.8
,

For Earthquake Acceleration of 90.00 % of the 1 OCT 87 WHITTIER S 10.94

Maximums/Failures X (ins) Y (irs.) The.'-, '' Tin,
------------------------------------------------- -------- -------- ------------- -----------

Ma.::imum X .132140 4.F'
Maximum Y .127431 4.44
Maximum Rotation .006075 7.85
Side block sliding .110379 .017975 -. 005054 7.59
Side block overturning .110379 .017975 -. 005054 7.59
Side block liftoff .109161 .021440 -. 005097 7.60

For Earthquake Acceleration of 80.00 % of the I OCT 87 WHIT11Ek * I1.94

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (sec)

Ma imum X .118111 4.21
Maximum Y .113385 4.44
Maximum Rotation .005349 7.85
Side block sliding -. 09914 .024784 .004983 7.82
Side block overturning -. 099814 .024784 .004983 7.82
Side block liftoff -. 102703 .02Z3521 .0051'K 7 .

For Earthquake Acceleration of 70.00 . of the I OCT 87 WHITTIER * 10.94

Maximums/Failures X (ins) Y (ins) Thet (re, ' Tin, ' I

Maximum X . G:)37-39 4.P1
MA .:imlm Y . '-' a .44

NdO fiurPi .,2:urred.
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For Earthquake Acceleration of 79.00 V. of the I OCT S7 WHITTIEk 0 JO.94

Maximums/Failures X (ins) Y (ins) Theta (rads) Time (see)

Maximum X .116810 4.21

Maximum Y .111t 4

Maximum Rotation 
.005283 7.85

Side block sliding -. 0999Z8 .007420 .005;-7.

Side block overturning -. 099933 .007420 .005234 7.86

Side block liftoff -. 101425 .0200 t .OOt./ 7.:

For Earthquake Acceleration of 78.00 . of the I OCT 87 WHITTIER * 10.94

Ma imums/Failures X (ins) Y (iris) Thet., (re,1
, ) Tim. .

-- - - - ----------------- - ---- ----------- --------

Maximum X .115422 4.21

Maximum Y .110565 4.44

Maximum Rotation 
.005216 7.85

Side block liftoff -. 100145 .022,933 .005062 7.83

For Earthquake Acceleration of 77.00. . of the I OC 07 WHI I IH I1094

Ma imums/Failures X (ins) Y (ins) Theta (rads) Time (see)

Maximum X .114073 4.21

Maximum Y .10915E, 4.4/1

Maximum Rotation 
.005150 7.85

Side block sliding - .092869 .022639 .0049'7 ?.8*.

Side block overturning -. 0,98869 .022639 .004997 7.83

Side block liftoff -. 09908. .01 9273 .005115 7.84

For Earthquake Accele'ration of 76.00 % of the I OCT 87 WHITTIER * 10.94

Maximums/Failures X (ins) Y (ins) Theta (radr.) Time (sez)

------------------------------------------- -------- -------- ------------- -----------

Ma imum X .112592 4.21

MaximuM Y .107735 4.44
Ma::Maximum Rotation .0,- 7. 85

Side block sliding -. 097927 .019054 .005051 7.84

Side block overturning -. 097927 .019054 .05l 7.8

For Earthquake Acceleration of 75.00 % of the I OCT 87 WHITTIER * 10.94

Maximums/Failures X (ins) V (ins) Theta (rads) Time (sec)

-------------------------------------------- -------- -------- ------------- -----------

Maximum X .111111 4.21

Ma.-Imi'm Y f.*?, 17 4.44
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!4J. 6 .* Ja4 F1hij r W..II I 5 II I1 ! I IN I Si * * * * mui...

Vale Shore Design Spreadsheet

SITPA 5,, 'a;- TOCS CRISINAL DOCk INS DR*001MG
R iER CAP E2

ALOCY SPA 8.00 FEET LONSY OD?

27214 MF 42.68
VERTICAL STIFFNESS:

-------------------------------------------------------------------------------------------------------- -------------
PIER

LEVEL MATERIAL E LENGTH VITH HEIGHT K I/K TOTAL K
A (PSI) i[I (IN) (Imi tKIPSIIN) (KIPS/IN)

------------------------------- -------- ------ ------ --------------------------
DEPTH) (TRANS'VERSEI
(I) (H) LI

, RUBER 757[ 29..0 17.00 1.00 1760.50 0.0005660 437.51
2 uPBER 75': .0$ 1.0 2.50- 704.20 0.OO17,,.0.0 0.001420t.

- STEEL T0006 ::...VtO 0.50 1295800000 0.000)
4 STEEL 'S:. 1. 12.9 7t."o 3760.63 0.0002,976

765.00

# TOTAL STIFFNESS
WALE S;0RES 14 OF BLOCK SYSTEM

PLATE AREA 492.00 ' (KIPS/IN):

r , F :4Oc ̂ _S SHORE 4T iTkOO 2.06 6125.13,

. INS E STIFFNESS - 134.15 KIPS/!N

"A! THETA 0.200RODS TEL FOR"-: 40.91 ktPS 1

;T is !"1.7>0 INS EEL z 0.36 INS

I PRIME : 0.57 !NS JACK DISPL : 0.57 INS

QUAKE FOOLE a249.,3 KIPS JACK FORCE - 138.79 KIP - 61.q6

TOTAL FORCE -388.17 KIPS

SHIP ST'ESS "I7.36 PSI

BEAM STRESS = 9094.85 PSI

516MA YIELD : 3000.00 PSI MILD STEEL

- 27.5T NPa

RHO = 3.09 INS

Le : 381.00 INS SIMPLY SUPPORTED POPOV P 557,531

Le/RHO : 123.30

SIGMA ULT : 93,00 NP F6 11.13 SHIP STRUCTURAL DESIGN P 738

- 13496.5i PSI
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